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This special report contains detailed instructions on the use of 
two computer-aided design programs for use in designing the energy-storage 
reactor for both single— winding and two-winding dc-to-dc converters. 
Step-by-step procedures are given to illustrate the formatting of user 
input data. These procedures are illustrated by eight sample design 
problems and computer runs which include user input and computer program 
output. 
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INTRODUCTION 


1.1 DESCRIPTION OF PROGRAMS 

DC1DC is a program for the computer-aided design of the 
reactor element and/or the evaluation of the steady-state 
operating characteristics of any member of a family of single- 
winding energy-storage dc-to-dc electronic power converters. 

Any one of the three converter circuits shown in Figure 1 may 
he coupled with any one of three types of controllers— constant 
frequency, constant transistor on-time or constant transistor 
off-time — for a total of nine possible systems. 

DC2DC is a similar program for the design of the reactor 
element and/or the evaluation of the steady-state operating 
characteristics of the two— winding voltage step— up/current step- 
up converter circuit shown in Figure 2. This converter circuit 
may be coupled with any of the three previously mentioned types 
of controllers to yield three distinct converter systems. 

The design of the reactor and the steady-state evaluation 
of the converter are based on models of the converter circuits 
which make certain simplifying assumptions. These assumptions 
are given in Section 1.2. 

User inputs to the programs include the type of converter/ 
controller combination desired and a set of design requirements 
which the system must meet. In executing a design or evaluation 


request, the program makes use of a stored data base consisting 
of a catalog of magnetic core data {usually from manufacturers’ 
catalogs) and a table listing available sizes of magnet wire. 

The reactor design(s) produced by the program include core 
catalog information, number of turns, wire sizes and various 
other design parameters. 

In addition to the reactor design routine, an algorithm 
is included in the programs to assist in the evaluation of 
certain steady-state operating characteristics of the converter/ 
controller combination. This evaluation algorithm may be used 
to automatically evaluate the computer generated design(s) or 
it may be used independently to evaluate a previously generated 
design or a design computed by hand. Outputs from the evaluation 
algorithm include: minimum, maximum, average and RMS values for 

the reactor current (s), the RMS value of the current through the 
capacitor, pulse widths and frequency of operation, power losses 
in the various components and the converter efficiency. These 
output variables are computed over the user specified operating 
range of the converter in increments of input voltage and output 
power also specified by the user. 
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Figure 1. Three Single-Winding Converters 

(A) Voltage Step-up • 

( B ) Current Step-up 

(C) Voltage Step-up/Current Step-up 
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1,2 DEVICE MODELS 


TLe design and evaluation algorithms used by the programs 
az-e based on circuit models which make certain simplifying 
assumptions [l^J . The following discussion of device models 
anplies to all three converter circuits shown in Figure 1 as 
well as to the two-winding circuit shown in Figure 2. 

1.2,1 Transistor Model 

For the design algorithm, the transistor collector-emitter 
is modeled as a switch with a constant forward voltage drop 
(switch closed) and infinite reverse resistance (switcn open) 
as indicated by the equivalent circuit and V-I characteristic 
shown in Figure 3. It is further assumed that the transistor 
base current is negligible. During the transistor on-time 
(T ON) the switch is closed. At the end of this interval, the 
switch opens and remains open during the transistor off-time 
(T OFF). It is assumed that switching takes place over a 
negligible time interval. 

For design evaluation purposes, the transistor collector- 
emitter is modeled as a lumped linear saturation resistance as 
shown in Figure 4. The power loss in the collector is computed 
by taking the product of the saturation resistance and the 
of the RMS value of the collector current. 


square 
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1.2.2 Diode Model 

Both the design routine and the evaluation algorithm 
assume the diode acts as a constant voltage source in series 
with an ideal diode as indicated by the equivalent circuit 
and V-I characteristic shown in Figure 5. Again, it is assumed 
that switching takes place over a negligible time interval. 


1.2.3 Reactor Element Model 

It is assumed that the magnetic core is operated in the 
linear range of constant permeability as shown in the B~H 
characteristic in Figure 6, The design routine is carried 
out assuming that winding resistance is negligible. The 
evaluation algorithm assumes a lumped linear winding resistance 
(equal to the product of the computed winding length (meters) 
and the resistivity (ohms/meter) of the wire size) in calculating 
the power loss in the winding(s). The winding losses are 
computed by multiplying the winding resistance by the square 
of the RMS value of the current in the winding. Power losses 
in the magnetic core are approximated by use of Legg's equation 
M • Total core loss is computed as the sum of three frequency 
dependent components, hysteresis loss, eddy current loss and 
residual loss. These three loss components are related to the 
core loss res istance by Legg's equation in modified form: 


R = JJ L (aA3 10 f + cf + ef ) 
ac r 




where : 


R = core loss resistance 
ac 

= relative permeability 
L = inductance (henries) 

a = hysteresis loss coefficient 

c = residual loss coefficient 

e = eddy current loss coefficient 

A B = flux density excursion (tesla) 
f = frequency (Hz) 

The hysteresis, residual and eddy current loss coefficients 
are available from manufacturers' data sheets. Power loss in 
the core is approximated by multiplying the core loss resistance 
by the square of the RMS value of the fundamental component of 
the winding current, Legg's equation is strictly valid only 
under the conditions of sinusoidal flux and low flux-density 
excursions. Although these conditions are seldom met in the 
converter operation, Legg's equation is the best approximation 
given the presently available core data. 

1,2,4 Capacitor Model 

It is assumed that the capacitor is so large that there 
is negligible ripple voltage at the converter output. To 
approximate power loss in the capacitor, the evaluation 
algorithm assumes that the capacitor has a lumped linear 
effective series resistance (BSR). Power loss in the capacitor 
is approximated by taking the product of the ESR and the square 
of the RMS value of current through the capacitor. 
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, Figure 6. Magnetic Core Characteristics 
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1.2,5 Controller Model 


The controller is assumed to he ideal in that it draws no 
current from the load and it operates with negligible time 
delay, 

1.2.6 Input Voltage Magnitude 

The minimum input voltage is assumed to be always larger 
than the transistor saturation voltage droo, 

1.3 THE DATA BASE 

The data base consists of two sections, a core catalog 
anti a ffige-siz.e table. The programs use the data base along 
with the design-requirement data in executing an assigned task. 
Unlike the design-requirement data, the data base will be 
modified infrequently. Thus, once the data base is constructed 
and stored in some fashion which allows the computer to access 
the information (i.e, cards, magnetic disk, etc.), the user 
need not concern himself with the data base until such time as 
he desires to make revisions or additions to this data. Part 
II of this manual deals with construction and revision of the 
data base , 

1*3.1 The Core Catalog 

The Go r e Catalog consists of data concerning the available 
magnetic cores. It contains core dimensional data, manufacturers 
catalog numbers and loss coefficients (see Section 1,2,3) for 
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the values of relative permeability available. The data in the 
core catalog is usually obtained from manufacturers* core 
catalogs . 

1.3.2 The Wire Table 

The Wire Table gives the cross-sectional area and resistivity 
of the available sizes of magnet wire. The area of each wire 
size is listed for bare wire as well as for single, heavy, 
triple and quad synthetic insulated wire. The wire-table data 
is usually obtained from wire manufacturers* data sheets. 


PART I USE OF TEE PROGRAMS 


PRELIMINARY information 

The designer, in using either Program DC1DC or DC2DG , must 
i,nput a set of design requirements which the program will use 
along with a stored data base in executing the assigned task. 
Part I of this manual deals with the use of the program for 
carrying out design and evaluation problems and centers on the 
input of design-requirement data. It is assumed in Part I that 
the stored data base is already available for use. Part II 
deals with the construction of the data base, 

2.1 PROGRAM PROCEDURES 


DC1DC and DC2DC offer three design/ evaluation procedures 
to the user. Procedure DSN1 produces a list of up to futy 
usable reactor designs for a given set of design requirements, 
and evaluates as many of these designs as the user desires. 
Procedure DSN2 allows the designer to have a single design 
computed and evaluated using a specified magnetic core. The 
third procedure, EVAL, may be used to evaluate any previously 

completed design. 


2.1.1 Procedure DSN1 

In Procedure PSH1 , the user inputs to the program the type 
of converter /controller combination desired and a set of 
specifications for the system. All cores in the core catalog: 

are cheeked hy the program for vindability under the constraints 


imposed by the design specifications, A list of up to fifty 
usable designs is printed out, including manufacturers’ <?ore 
numbers, value of relative permeability, ^alue(s) of inductance, 
number of turns, -wire size(s), winding factor, and various 
operating parameters. Beginning with the smallest volume core, 
each of these designs, up to a user specified maximum, is 
evaluated under steady-state conditions over a user specified 
range of input voltage and output power. Outputs include: 
minimum, maximum and RMS values for ?;he winding current (s), RMS 
value of the capacitor current, pulse widths and frequency of 
operation, power losses in the core, wire, transistor, diode and 
capacitor, and the estimated converter efficiency, 

2,1,2 Procedure DSN2 

Under Procedure DSN2 , the user may specify that a design 
be computed and evaluated for a specific core. The designer 
simply enters the integer core number from the core catalog 
along with the relative permeability and the design requirements 
By entering dimensional information, the user is also allowed 
to request that a design he generated for a core which is not 
in the core catalog. Also, if a value of relative permeability 
other than a catalog value is required, the user may enter loss 
coefficient information and request a design for a particular 
core having the entered value of relative permeability. If 
loss coefficients are not supplied, default values will be 
assumed (see Section 3 . 4 . 3 ), The outputs under Procedure DSH2 
are the same as those under Procedure DSN1, except that only 



the specified core can appear in the windable core list. If 

o 

the core entered should fail to meet the design specifications, 
a message to this effect will he printed by the programs, 

2.1,3 Procedure EVAL 

Under Procedure EVAL , the user may enter a completed design 
of a reactor element and request that an evaluation be 
performed. The evaluation is performed under steady-state 
conditions over a specified range of input voltage and output 
power. As in Procedure DSN2 , the core size and relative 
permeability need not be in the core catalog in order for a 
design to be evaluated. However, the wire size used must be in 
bhe wire table. To use Procedure EVAL, the designer must input 
the core number (integer) of the core used, the relative 
permeability of the core, the number(s) of turns, the AWG wire 
size(s) and the number of cores in the stack. If a core which 
is not in the catalog is used, dimensional information must be 
supplied, Similarly, if a value of relative permeability which 
is not in the catalog is used, information of the loss coefficients 
may be given. If loss coefficients are not supplied, default 
values will be assumed (see Section 3*4.3). The outputs from 
Procedure EVAL include: minimum, maximum and RMS values for the 

winding current(s), RMS value of the capacitor current, pulse 
widths and frequency fo operation, power losses in the various 
components and the converter efficiency. 
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2.2 INPUT FORMAT 




The input data for the programs is entered in the form of 
eighty-character records. In the instructions for preparing 
the data, each such record will "be refared to as a ” c ar d >T 
although the input data may not necessarily he in the form of 
computer cards. For example, it may he convenient to store the 
data base on magnetic disk or tape to reduce the number of 
punched cards which must be handled. Each record, or "card", 
is divided into a varying number of data fields with each data 
field containing the value of a particular variable. The field 
descriptor , or format , indicates what type of data is contained 
in a particular field. The field descriptors for each of the 
variables on a card are given in the instructions and are one 



of the standard FORTRAN IV field descriptors discussed in the 


following sections 3 » 


2.2,1 I Format 

The form of the I format is: Im where m is an integer 

greater than zero. The integer m indicates the number of spaces 
allocated to the field. Variables which take on integer values 
in the program are read in under the I format. Any column 
within the field which is left blank will be read as a zero. 
Thus, it is important that all variables read in under the I 
format be right justified. Characters other -than digits, plus 
and minus are invalid in I fields, For an example of the use 
of the I format, see Figure J . 
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Figure 7 . The Integer 100 Read Under 
An 15 Format 
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2.2.2 F Format 

form of bhs F xormat is * Fm.n whsrG m is an integer 
greater than zero and n is a integer greater than or equal to 
zero. The letter F indicates that this variable is a fixed point 
decimal number. The integer m indicates the number of spaces 
allocated to the field and the integer n indicates the number 
of decimal places present in the number. Placing a decimal point 
within the field overrides the value on n and is suggested. Use 
of a decimal point allows the placement of the number anywhere 
within the m spaces. Characters other than digits, plus, minus, 
and decimal point are invalid under the F format. For an examole 
of the use of the F format, see Figure 8, 

2.2.3 E! Format 

The form of the E format is: Em.n where m is an integer 

greater than zero and n is an integer greater than or equal to 
zero. The E format is used to read floating point decimal 
numbers with integer exponents. The integer m gives the number 
of spaces allocated to the field and the integer n indicates the 
number of decimal places present in the number. Use of a decimal 
point within the field overrides the value of n and is suggested. 
Exponents are entered by placing either an "E u or a space 
between the mantissa and the exponent. Blank columns are read 
as zeros, so the exponent should be right justified in order for 
its value to be read properly. For an example of the use of the 
E format, see Figure 9. 
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Figure 8. The Number 100.0 Read Under 


An F5. O Format 
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2,2, 1* A Format 

The form of the A format is: Am where m is an integer 

greater than zero. The letter A indicates that this is an 
alphanumeric field. All keyboard characters are valid under 
the A format. The integer ra gives the number of spaces 
allocated for the field. The A format is used to input 
variables which are words or groups of symbols, such as the 
name of a magnetic core manufacturer, For an example of the 
use of the A format, see Figure 10. 

2.2.5 Characters 

Use of characters within designated fields other than 
those listed below will usually result in severe errors which 
will either terminate the program or give invalid results. 

VALID CHARACTERS 
Digits, +, - 

Digits, +, decimal point 
Digits, +, -, decimal point 
All keyboard characters 

2,3 THE DATA DECK 

The Data Deck is the total set of inputs to the program, 
and consists of the data base and the control cards . The 
programs read the data base first, followed by the control cards 
as shown in Figure 11. Section 3. discusses the control cards. 
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Figure 10. The Word "NAME" Read 
Under An Ak Format 







CQHTRQ1 CARDS 


The control cards are read immediately after the data 
base and are the means by which the user inputs converter design 
specifications and indicates which of the three program 
procedures is desired. There are seven types of control cards, 
although all seven types need not be used on a given run. The 
names and order of the control cards are shown in Figure 12. 
Sections 3. 1-3. 5 give instructions for preparing the control 
cards for Program DC1DC . The number, order and function of 
the control cards for Program DC2D C are the same as those for 
Program DC1DC. However, in several of these cards-specif ically 
the Tv-pe /Procedure Card , the Design Specification Card and 
the EVAL Card— there are slight differences between programs. 
Sections 3. 6-3. 9 give instructions for preparing the Control 
Cards for Program DC2DC. 

In the instructions which follow (Sections 3.1-3.12), 
sections which apply to onl£ one of the two programs will have 
titles which include the relavent program name, as illustrated 
in the title of Section 3.1. Titles of sections which apply 
to both programs will not contain any reference to the program 
name as seen in the title of Section 3.1.2. 












3.1 TYPE/ PROCEDURE CARD — PROGRAM DC1DC 


Tils Type /Procedure Curd is the first card in the control 
deck. It specifies the type of convert er/controller combination 
desired, controls the listing of the catalog, specifies the 
program procedure desired and gives certain parameters used 


in the design 

evaluation algorithm. 

The format of the Type/ 

Procedure Card 

for Program DC1DC is 

given "below (see also 

Figure 13). A 

sample card is shown 

in Figure l4 . 

COLUMNS 

FORMAT 

PARAMETER 

2-5 

Ah 

Converter/Controller Typ 

7-8 

A2 

Catalog Print Feature 

10-13 

A4 

Program Procedure 

o 

OJ 
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H 

17 

Maximum Number of 
Evaluations to be 
Performed (DSNl) 

21-25 

F5. o 

Input Voltage Increment 
(volts) 

26-30 

F5» 0 

Output Power Increment 
( watts ) 
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Figure 13. Type /Procedure Card — Program DC1DC 
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Figure 14. Example: Type/Procedure Card 

Program DC1DC 
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3,1,1 Converter/Controller Types — Program DC1DC 

The type of converter/controller combination that is to 
be designed and/or evaluated is indicated on the Type/Procedure 
Card by the use of the proper convert er /controller code. DC1DC 
may be used to aid in the design of any one of the three circuit 
configurations shown in Figure 1 in conjunction with any one of 
three different types of controllers. The correct converter/ 
controller code for each of the nine possible converter systems 
is given below. 


CODE 

CONVERTER TYPE 

CONTROLLER TYPE 

FQVU 

Voltage 

Step-up 

Constant 

Frequency 

TNVU 

Voltage 

Step-up 

Constant 

On-time 

TFVU 

Voltage 

Step-up 

Constant 

Off-time 

FQCU 

Current 

Step-up 

Constant 

Frequency 

TNCU 

Current 

Step-up 

C ons tant 

On-time 

TFCU 

Current 

St ep-up 

Constant 

Of f- time 

FQ,UB 

Voltage 

Current 

Step-up/ 

Step-up 

Constant 

Frequency 

TNUD 

Voltage 

Current 

Step-up/ 

Step-up 

C ons tant 

On-time 

TFUD 

Voltage 

Current 

Step-up/ 

Step-up 

C ons tant 

Off-time 
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3.1*4 Evaluation Parameters 

The Input Voltage Increment and the Output Power Increment 
determine the conditions under which the design wxll he 
evaluated. First, the input voltage is set to its minimum value 
and the design is evaluated first for the minimum output power, 
then for the minimum power plus the power increment. The power 
is incremented until the maximum output power is reached or 
exceeded. Then, the input voltage is increased by the input 
voltage increment and the process is repeated. When the input 
voltage reaches or exceeds its maximum value, the evaluation 
routine is terminated. If the Input Voltage Increment and/or 
the Output Power Increment are set equal to aero, the program 
will assume a default value. The default value for the Input 
Voltage Increment is one third of the specified input voltage 
range and the default value for the Output Power Increment is 
one fifth of the specified output power range. The minimum 
and maximum values for the input voltage and the output power 
are specified on the Design Specification Card. 

3,2 DESIGN SPECIFICATION CARD — PROGRAM DC1DC 


The second card in the control deck is the Design 
Specification Card. The design specifications are entered on 
this card in the format given below (see also Figure 15). A 
sample Design Specification Card is shown in Figure l6. The 
meaning of the design specifications is discussed in Section 

3*2*1* 
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COLUMNS FORMAT 


1-5 

0 

• 

tr\ 

6-10 

F 5 * 0 

11-15 

F5.0 

16-20 

F5.0 

21-25 

F5. 0 

26-30 

F5.0 

31-35 

F5. 0 

36-40 

F5. 0 

1+1-1+5 

F5.0 

46-50 

F5.0 

51-55 

15 

56-60 

15 

61-70 

E10.3 

72-7 5 

A4 

76-80 

15 


PARAMETER 

Output Voltage (volts) 

Minimum Input Voltage (volts) 

Maximum Input Voltage (volts) 

Minimum Output Power (watts) 

Maximum Output Power (watts) 

On-time, Off-time or Free, 
(depending on Controller) 
(JLfsec or KHz) 

Residual Flux Density (tesla) 

Minimum Flux Density (tesla) 

Maximum Flux Density (tesla) 

Maximum Winding Factor 

Min, No, of Cores in Stack 

Max. No. of Cores in Stack 

Reciprocal Current Density 
(m /ampere) 

Wire Type 

Min. No. of Strands of Wire 


3.2,1 Design Specifications 

The maximum flux density specification sets an upper limit 
for the flux excursion. The computer design algorithm is such 
that the peak flux density of a computed design will reach this 
specified maximum at some point within the design range of input 
voltage and output power. 
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Figure 15. Design Specification Card 
Program DC1DC 
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Figure lb. Example: Design Speci fication Card 

Program DC1DC 
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The minimum flux density establishes a lower limit for 
the flux excursion. The design algorithm insures that the 
minimum instantaneous flux density of a commuted design will 
exceed or equal this specified minimum at every p o i nt within 
the design range. This specification may not be chosen to be 
less than the specified res Ldual flux density of the magnetic 
material. If the minimum flux density specification is chosen 
to be greater than the residual flux density, all computer 
generated designs will operate in Mode 1 (continuous conduction 
mode) over their entire design range. However, if the minimum 
xlux density specification is chosen to be equal to the residual 
then the generated designs may operate in Mode 1 over the entire 
design range} or_, in Mode 2 (discontinuous conduction mode) over 
the entire range} or , in Mode 1 over some portion of the range 
and in Mode 2 elsewhere. It should be noted however, that while 
it is possible to force completely Mode 1 operation by choosing 
the minimum flux density specification to be greater than the 
i esidual , it is not possible to force the program to generate 
designs which operate in Mode 2 over the entire design range of 
input voltage and output power. 

The maximum winding factor determines which cores are 
acceptable designs. The winding factor is computed by taking 
the area of the winding(s) (based on the cross-sectional area 
of the insulated wire) and dividing by the window area of the 
magnetic core. This corresponds to the fractional part of the 
core window which is filled by the winding(s). Cores which 
require winding factors greater than the specified maximum are 
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rejected. This parameter is ignored in the evaluation portion 
of the programs. Winding factors greater than one are not 
allowed in Procedures DSN1 and DSN2 « 

The minimum number of cores in the stack and the maximum 
number of cores in the stack allow designs with stacked cores 
to be generated. If fifty usable designs are not found for 
the specified minimum core stack, the stack height is auto- 
matically increased by one and the design procedure is repeated. 
The stack height will be increased in this fashion until fifty 
designs are found or until the specified maximum number of 
cores in the stack is reached. 

Often, it may be desired to use more than one strand of 
wire for the core winding(s). The minimum strands of wire 
parameter(s) allows designs to be made with stranded wire. 

If the largest wire size in the wire table will not meet the 
reciprocal current density specification with the specified 
minimum number of strands, the number of strands is auto- 
matically increased by the design algorithm until this spec- 
ification is met. There is an internal default value of one 
for the minimum number of strands. When using Procedure EVAL , 
the minimum strands of wire parameter must be set equal to the 
number of strands actually used in the design being evaluated. 

In Program DC2DC, there is a minimum strands of wire specification 
for both primary and secondary windings of the two-winding 
reactor (see Section 3.7). 




*1 
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3.2.2 Wire Types 

Four types of wire coating are available in the program. 
The user selects the desired type by entering the correct wire 
type code in the field provided for this purpose on the Design 
Specification Card. The wire type codes are given in the table 
below. 


CODE 



WIRE TYPE 



SING 

Single 

Coating- 

-Synthetic 

Film 

Insulation 

HEAV 

Double 

Coating- 

-Synthetic 

Film 

Insulation 

TRIP 

Triple 

Coating- 

-Synthetic 

Film 

Insulat ion 

QUAD 

Quad 

Coat ing- 

-Synthetic 

Film 

Insulation 


3.3 ELEMENT LOSS CARD 

The Element Loss Card gives parameters used to calculate 
approximate power losses in the elements of the converter 
circuit other than the magnetic core. The format for this 
card is given in the table below (see also Figure 17). A 
sample Element Loss Card is shown in Figure 18. Section 1.2 
discusses the device models and power loss calculations. If 
any of the parameters on the Element Loss Card are entered as 
zero (or left blank) , the program will assume that the corres- 
ponding device is lossless. 


COLUMNS 


FORMAT 


PARAMETER 


1-5 

F5.0 

Transistor Saturation Voltage 
(volts ) 

6-10 

F5.0 

Collector Current for above 
( amperes ) 

11-15 

F5.0 

Diode Forward Drop (volts) 

16-20 

F5.0 

Capacitor Effective Series 
Resistance (ohms) 


3 .A DSN2 CARD AND EVAL CARD 
3.4.1 DSN2 Card 

In Procedure DSN2, the program attempts to compute a 
design using a specified magnetic core. The DSN2 card is used 
only if the DSN2 procedure has been specified on the Type/ 
Procedure Card (see Section 3«l). It contains the integer size 
number and the relative permeability of the core for which a 
design is desired. The integer core number may be obtained 
from the catalog listing produced by the program. This infor- 
mation is found on the catalog listing under the heading n SIZE 
NO.'* . The format of the DSN2 Card is given in the table below 
(see also Figure 19). A sample DSN2 Card is shown in Figure 20. 
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PARAMETER 
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Figure 19. 3SH2 Card 
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Figure 20. Example: DSH2 Card 



3.^.2 EVAL Card — Program DC1DC 


In Procedure EVAL, Program DC1DC evaluates a design 
entered by the user. The EVAL card is used only if the EVAL 
procedure was specified on the Type/Procedure Card (see Section 
3.1). The EVAL Card contains the integer size number of the 
core, the relative permeability, the number of turns, wire 
size and number of cores in the stack. The integer core number 
may be obtained from the catalog listing produced by the program. 
This information is found on the catalog listing under the 
heading ’’SIZE NO,". The format of the EVAL Card for Program 
DC1DC is given in the table below (see also Figure 21). A 
sample EVAL Card for Program LC1DC is shown in Figure 22. 


COLUMNS 

FORMAT 

PARAMETER 
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15 

Core Size Number from Catalog 

6-10 

F5.0 

Relative Permeability of Core 

11-15 

15 

Number of Cores in Stack 
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15 

Number of Turns of Wire 

21-25 

15 

Wire Size (AWG number) 
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Figure 21. EVAL Card — Program DC1DC 
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Figure 22. Example: EVAL Card 

Program DC1DC 



3.4.3 Procedures DSH2 and EVAL with Cores not in the Catalog 
jf either a core size or a relative permeability value 
{or both) is not in the catalog, it is still possible to use 
Procedures DSH2 and EVAL. Simply enter a zero or blank for 
the core size and/or permeability on the DSN2 or EVAL Card. If 
a zero (or blank) was entered for the core size number, an 
additional card must be added immediately following the DSH2 or 
EVAL Card which gives the dimensional information for the core 
used. If a zero (or blank) was entered for the value of relative 
permeability, an additional card must be added giving loss coeff- 
icient information on the entered core and its value of relative 
permeability. If both parameters are entered as zero (or blank), 
then both extra cards are needed. The dimensional data card 
follows the DSH2 or EVAL Card and the loss coefficient data card 
follows the dimensional data card. The formats of these extra 
cards are the same as those of the Core Geometry. Ca r d (Section 
6.4.2) and the Loss-Coefficient Card (Section 6.3). The loss 
coefficient information is used only in the evaluation algorithm. 
If loss coefficients for an entered value of relative permeability 
are given as zero (or left blank), the programs will use values 
from the catalog which are for the cataloged value of relative 
permeability which is closest to the entered value. 


3.5 QUIT/CONTIITUE CARD 


The final card in the control deck should have a zero xn 
column one. If more than one design and/or evaluation is 
desired on a given run, use a card with a one in column one 
followed by another set of control cards. This may be repeated 
for as many design and/or evaluation requests as desired. 

PROGRAM DC2DC 


3.6 TYPE/PROCEDURE CARD — PROGRAM DC2DC 


The Type/Procedure Card is the first card in the Control 
Deck for Program DC2DC . It specifies the type of controller 
desired, controls the listing of the catalog and gives the 
desired design constraint option and the design constraint. 

In addition, the Type /Proc edur e card lists the evaluation 
parameters described in Section 3.1.4. The format of the Type/ 
Procedure Card is given in the table below {see also Figure 23) 
A sample Type/Procedure Card for Program DC2DC is shown in 

Figure 24. 


COLUMNS 


FORMAT 


PARAMETER 


2-6 

A5 

Converter/Controller Type 

8-9 

A2 

Catalog Print Feature 

11-14 

A 4 

Program Procedure 


COLUMNS 

FORMAT 

PARAMETER 

15-20 

16 

Design Constraint Option 

21-25 

F5. 0 

Design Constraint Value 

26-3 0 

15 

Max. No, of Evaluations 
be performed (DSNl) 

31-3 5 

F5.0 

Input Voltage Increment 
(volts ) 

36-UO 

F5.0 

Output Power Increment 


(watts ) 


3.6,1 Converter/Controller Types — Program DC2DC 

Program DC2DG 'may be used for the design of the reactor 
element and/or the evaluation of the operating characteristics 
of the two-winding voltage st ep-up/eurrent step-up converter 
configuration shown in Figure 2, This converter circuit may 
he coupled with any one of three types of controllers— —c onst ant 
frequency, constant transistor on-time or constant transistor 
off-time. The converter/controller code indicates which of 
these three possible systems is to be designed and/or evaluated. 
The correct converter/controller code for each possible type of 
controller is given below. 


CODE 

TYPE OF CONTROLLER 

FQ2UD 

Constant 

Frequency 

TN2UD 

Constant 

On-t ime 

TF2UD 

Constant 

Off-time 
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Figure 23. Type/Procedure Card 
Program DC2DC 
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Figure 24. Example: Design Specification Card 

Program DC2DC 
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3.6.2 Catalog Print Feature 

On request. Program DC2DC will print out a listing of the 
core catalog and wire table. The use of this feature is 
identical to that of the Catalog Print Feature in Program DC1DC 
and is discussed in Section 3.1*2. 

3.6.3 Program Procedure Codes 

The Program Procedure Codes indicate which program procedure 
is desired. These codes are identical to those for Program DC1DC 
and are given in Section 3.1.4. The Program Procedures are 
discussed in Section 2,1. 


3.6.4 Design Constraint Options — Program DC2DC 

For the two-winding voltage step-up/current step-up circuit 
configuration shown in Figure 2, knowledge of the converter 
ouerating range and the magnetic core parameters is not sufficient 
to uniquely determine values for N g and N p . This provides 

an additional degree of freedom in the design which may be useful 
to the designer. Program DC2DC makes use of this extra degree 
of freedom by allowing the user to select any one of ten Design 
Constraint Options . Each of these options places a constraint 
on the allowable values of certain converter system parameters. 

The actual numerical value of the particular constraint is 
refered to as the Des ign Constraint Value . The user specifies 
the desired Design Constraint Option by entering the integer 
option number from the list below in the field provided on the 
Tyne /Proc edure Card (see Section 3.6), The Design Constraint 
Value, U i , is also entered on the Type /Proc edure Card. 



OPTION MO 


DESIGN CONSTRAINT OPTION 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


Duty Cycle Centered at 

Minimum Duty Cycle = U p 

Range of Duty Cycle Variation = U 3 

Max, Transistor Collector-Emitter 
Voltage - volts 

Max Reverse Diode Voltage = volts 
Max, Peak Transistor Current = Ug amps 
Max. Peak Diode Current = U^, amps 
Maximum Duty Cycle = tfg 
Total Number of Turns = N g + N p = 
Turns Ratio - Ng/N p = U-^q 


*Duty Cycle is defined as the ratio of transistor on-time to 
the total period. 


3,6.5 Evaluation Parameters 

The Evaluation Parameters consist of the Input V oltage 
Increment and the Outnut Power Increment . These Parameters are 
discussed in Section 3.1.4 and serve the same function in both 
Program DC1DC and DC2DC. 


3.7 DESIGN SPECIFICATION CARD — PROGRAM DC2DC 

The design specifications are entered on the Design 
Specification Card as indicated in the table below (see alsc 
Figure 25). A sample Design Specification Card for Program 
DC2DC is shown in Figure 2S. 


COLUMNS 


FORMAT 


PARAMETER 


6-10 


11-15 

16-20 

21-25 

26-30 


31-3 5 
36 - 1*0 
1*1-45 
1*6-50 
51-55 
56-60 

61-70 


72-75 

77-78 

^ 9-80 


F5.0 
F5.0 
F5.0 
F5 « 0 
F5.0 
F5.0 


F5. 0 


F5.0 

F5.0 

F5.0 


BIO. '3 


Output Voltage (volts) 

Minimum Input Voltage (volts) 

Maximum Input Voltage (volts) 

Minimum Output Power (watts) 

Maximum Output Power (watts) 

On-time , Off-time or Freq.. 
(depending on controller) 

(JU sec or KHz) 

Residual Flux Density (tesla) 

Minimum Flux Density (tesla) 

Maximum Flux Density (tesla) 

Maximum Winding Factor 

Minimum No, of Cores in Stack 

Maximum No. of Cores in Stack 

Reciprocal Current Density 
(m /ampere) 

Wire Type 

Min. No. Strand s - -Primary 
Min. No. Strands— Secondary 
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Figure 25. 


Design Specification Card 
Program. DC2DC 



REPRODUCIBILITY OF THE 
ORIGINAL PAGE IS POOR 



its. hu au. 


1 ij, tin, ,01 ,ui 


a S.U 6 /£-/ HEflV 1 1 

: ! 133 


liai 1 1 ! a 11 1 11 1 1 n 1 ! 1 1 1 11 n 1 1 1 Ml 1 . n n .1 u 1 1 1 u h 1 ill 1 1 n n m m n 11 1 1 .1 1 un 

222222222222ll22222222222222222?2222222222222222222222222222 27222222222222272222 

,3 3 33a3333u3333:333 3 3333 . 3333 "33 3333 3 3 3 3.! 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 3 3 

4444444444444444 4 4 44 444 4 4 444 4 4444 4 444M< 4 4 44444 44 4 4 4 4 4 44 4 4 4 4 44 44 44 4 4 4 4 4 4 4 4 4 4 4 4 4 

5 5 5 S5 5 5 5 5 5 5 5 5 5 5 5 5 5 . 5 5 5 5 5 5 5 5 . 55 5 5 5 5 5 5 5 5 5 5 5 5 5 5 "5 5 5 5 5 5 55 5 5 5 5 5 5 5 5 5 . 5 5 5 5. 5 5 5 5- . 5 , .5 5 5 5 5 

SB-G6GSGG665G8B6GS3GGGGGG6GGG66GGGGGSBS666GG6GS6B6G66SS6GG66G&G566.S666B666G8SGEB 

7 7 7 7 7 7 7 73 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 T7 7 7 7 7 7 7 7 7 7 7 .7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 .17 7 ..7 7 7 7 7 7 1 7 7 ? 

8 8 8 8 "8 8 8 8 38 3 8 8^8 8 8 8 .’8 3'8 8'J2! 8 3.8 8 .-8 8 83 .! 8 3 8 8 8 8 8 3 3 . 3 8 8 3 8 8 8 8 3 8 8 8 8 3 A 8 3 3 8 3 8 j 3 8 8 8 8 8 8 


Figure 26 . Example: Design Specification 

Card— Program DC2DC 
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3.7.1 Design Specifications 

The meaning of certain of the design specifications is 
discussed in Section 3.2.1. 

3.7.2 Wire Types 

Pour types of wire coating are available in the program. 
The user selects the desired type by entering the correct wire 
type code in the field provided for this purpose on the Design 
\[ Specification Card. The wire type codes are given in Section 

y- 3.2.2 and are identical to those used in Program DC1DC. 

il ] 

• 

U -r 
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3.8 ELEMENT LOSS CARD 

The Element Loss Card gives parameters used in computing 
approximate power loss in the transistor, diode and capacitor. 
The format of this card is given in Section 3.3 and is the same 
as that used in Program DC1DC. 

3.9 DSN2 AND EVAL CARD 


3.9.1 DSN2 Card 


In Procedure DSH2, the program attempts to compute a design 
using a specific magnetic core. The DSN2 Card is used onl£ if 
the DSN2 procedure was specified on the Type/Procedure Card 
(Section 3.6). The format of the DSN 2 Card is identical to that 
used in Program DC1DC and is discussed in Section 3.4,1. 
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3.9.2 EVAL Card — Program DC2DC 

In Procedure EVAL, the program evaluates a design entered 
by the user. The EVAL Card is used only if the EVAL procedure 
was specified on the Type/Procedure Card (Section 3.6). The 
EVAL Card gives the integer size number of the core, the relative 
permeability, the number of cores in the stack, the wire sizes, 
and the number of primary and secondary turns. The integer core 
size number may be obtained from the "SIZE NO." column on the 
catalog listing produced by the program. The format of the EVAL 
Card is given in the table below (see also Figure 27 ) • A sample 
EVAL Card is shown in Figure 28. 

COLUMNS FORMAT PARAMETER 


H 

I 

VJ1 

15 

Core Size 

Number from Catalog 

6-io 

F5.0 

Relative Permeability of Core 

11-15 

15 

Number of 
\ 

Cores in Stack 

16-20 

15 

Number of 

Primary Turns 

21-25 

15 

Wire Size 

of Primary Winding 

26-30 

15 

Number of 

Secondary Turns 

31-35 

15 

Wire Size 

of Secondary Winding 
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Figure 27. EVAL Card— Program DC2DC 
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Figure 28. Example: 3VAL Card-Program DC2DC 
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3*9»3 Procedures DSN2 and EVAL with Cores not in the Catalog 
Tf either a core size or a relative permeability value 
(or both) is not in the catalog, it is still possible to use 
Procedures DSN2 and EVAL, The method for using this feature 
is identical to that used in Program DCIDC and is discussed in 
Section 3 . 4 . 3 . 

# 

3.10 QUIT /CO NT I SUE CARD 

The final card in the control deck should have a zero in 
column one. If more than one design or evaluation is desired on 
a given run, a card with a one in column one may be used followed 
by another set of control cards. This may be repeated if desired. 
This feature is identical to that used in Program DC1DC , 

3.11 ASSEMBLING THE CONTROL CARDS 

The Control Cards for Programs DC1DC and DC2DC should be 
placed in the following order as shown before in Figure 12: 

1. Tyne /Procedure Card — For Program desired (DC1DC or DC2DC ) 

2. Design Specification Card — For Program desired (DC1DC or 

DC2DC ) 

3. Element Loss Card 

4. DSN2 or EVAL Card — Only used if Procedure DSN2 or Procedure 

EVAL was specified on the Type/Procedure 
C ard 

5. Core Geometry Card — Only used in Procedures DSN2 and EVAL 

when the core size is not in the 
Catalog 
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6. Loss-Coefficient Card — Only used in Procedures DSN2 and 

EVAL when the value of relative 
permeability is not in the catalog 

7. Quit /Continue Card 



3.12 ASSEMBLING THE DATA DECK ■ , 

... 

i. - J 

The data cards should be placed in the following order as j j 

shown before in Figure 11: 


1 . 

2 . 

3. 


Core Catalog Cards 
Wire Table Cards 



The Data Base 


Control Cards 






PROGRAM OUTPUT 


Figures 29 and 30 show sample outputs from Programs DC1DC 
and DC2DC respectively. The values of the output variables in 
these figures have been replaced by integer note numbers. 

Section k,l relates the integer note number to the meaning of 
the outnut variable or symbol. The output variables and symbols 
are also defined in the Appendix. Many of the output variables 
have the same meaning in both programs. Thus, in these cases, 
the particular variable in Figures 29 and 30 will be referenced 
to the same note number in Section ^*1. If a note applies to 
only one of the programs, the correct program will be clearly 
indicated in the text of the note. Otherwise, program names will 
not appear in the note. 
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Figure 29. Output of Program DC1DC 
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4.1 PROGRAM OUTPUT VARIABLES AND SYMBOLS 


i I 
» | 


NOTE HO. 

OUTPUT VARIABLE 

NOTE 

j i 

1 

Converter/Controller Code 

See Sections 3.1.1 & 3.6.1 


2 

Type of Converter/Control- 
ler (Program DC1DC) 

See Section 3.1.1 

n 

• t 

3 

Type of Controller (DC2DC ) 

See Section 3,6.1 

. r j 

4 

V OUT 

The regulated converter 
output voltage (volts) 


5 

V IH MIH 

The specified minimum 
input voltage (volts) 


6 

V IN MAX 

The specified maximum 
input voltage (volts) 


T 

P OUT MIH 

The specified minimum 
output power (watts) 


8 

P OUT MAX 

The specified maximum 
output power (watts) 


9 

V SAT 

The transistor saturation 
voltage (volts) 

■■ ( 

10 

I COLL 

The current in the collector 

■ n 



of the transistor at which 
the saturation voltage was 

i ) 



measured (amperes) 

K 

11 

V DIODE 

The diode forward drop 

<-i j 



( volts ) 


12 

CAP ESR 

The effective series 




resistance (ESR) of the 
capacitor (ohms) 

— 

13 

T OH, T OFF or FREQ 

The constant parameter of 

i’-- f 


(depending on controller) 

the controller, either 




transistor on-time, trans- 




istor off-time or frequency 
(-Usee or KHz) 

' 

14 

B RESIDUAL 

The residual flux density 
of the core material 

1 ; 



(tesla ) 

p 

Si 


T 

' *• • 


• % 


1 \ 


6 7 


NOTE NO. 

OUTPUT VARIABLE 

15 

B MIN 

16 

B MAX 

IT 

WIND FACTOR 

18 

MAX CORES 

19 

WIRE TYPE 

20 

RECIPROCAL CURRENT 
DENSITY 

21 

MIN STRANDS 

22 

MIN PRI, STRANDS 

23 

MIN SEC . STRANDS 

24 

DESIGN CONSTRAINT 

25 

SIZE NO. 

26 

MANUFACTURER'S NO. 

27 

MANUFACTURER’S NO. 


NOTE 


The specified minimum 
flux density- (tesla) 

The specified maximum 
flux density (tesla) 

The specified maximum 
allowable winding factor 

The specified maximum 
allowable number of cores 
in the stack 

See Section 3.2.2 

The specified minimum 
reciprocal current density 
(m /ampere) 

The specified minimum no, 
of strands of wire to be 
used in the winding (DC1DC) 

The specified minimum no. 
of strands of wire to be 
used in the primary wind- 
ing (DC2DC) 

The specified minimum no. 
of strands of wire to be 
used in the secondary wind- 
ing (DC2DC) 

See Section 3 . 6. 4 (DC2DC ) 

The integer core size no, 
from the catalog (see 
Section 6.4) 

The particular core number 
from the catalog of the 
first core manufacturer 
(in this case. Magnetics) 

Ihe particular core number 
from the catalog of the 
second core manufacturer 
(in this case, Arnold 
Engineering) 


NOTE N 0 


OUTPUT VARIABLE 


NOTE 


23 

29 

30 


MU 


S 


NP 


31 

32 

33 

34 

35 


AWG 


AWG PRI. 


IND 


PRI. IND 


NS 


36 


AWG SEC. 


37 


SEC. IND 


38 


WDG FAC 


39 


DSN MODS 


The value of relative 
permeability of the core 

The number of turns of 
wire in the winding (DCIDC) 

The number of turns of 
wire in the primary wind- 
ing (DC2DC) 

The AWG wire size used in 
the winding (DCIDC) 

The AWG wire size used in 
the primary winding (DC2DC ) 

The computed value of 
inductance (mh) (DCIDC) 

The computed value of pri- 
mary inductance (mh) (DC2DC) 

The number of turns of wire 
in the secondary winding 
(DC2DC) 

The AWG wire size used in 
the secondary winding 
(DC2DC) 

The computed value of the 
secondary inductance (mh) 
(DC2DC) 

The computed value of the 
winding factor, defined as 
the ratio of the area of 
the core window filled by 
the winding ( s ) to the total 
window area of the core 

The mode of operation which 
occurs at the design point 
in the PO-VI plane . 

A "1" denotes Mode 1 oper- 
ation (continuous conduc- 
tion) and a n 2 n implies 
Mode 2 (discontinuous cond- 
uction) operation. (DCIDC) 
(see Section 3,2,1) 


I 1 .... 


NOTE HO. 


OUTPUT VARIABLE 


NOTE 


OP MODE 


IB MAX 


IBP MAX 


IBS MAX 


IXRMS MAX 


A value of "1" for this 
variable indicates that 
the converter operates in 
Mode 1 (continuous conduc- 
tion) everywhere within 
the design range. A value 
of "2" indicates that the 
converter operates in Mode 
2 (discontinuous conduction) 
at least somewhere within 
the design range 

The maximum value that the 
peak reactor current takes 
on over the entire design 
range of the converter 
(DC1DC) 

The maximum value that the 
peak primary current takes 
on over the entire design 
range of the converter 
(DC2DC ) 

The maximum value that the 
peak secondary current takes 
on over the entire design 
range of the converter 
(DC2DC ) 

The maximum value that the 
RMS reactor current takes on 
over the entire design 
range of the converter 
( DC1DG ) 


IP RMS MAX 


IS RMS MAX 


The maximum value that the 
RMS primary current takes 
on over the entire design 
range of the converter 
(DC2DC ) 

The maximum value that the 
RMS secondary current takes 
on over the entire design 
range of the converter 
(DC2DC) 


NOTE NO 


OUTPUT VARIABLE 


NOTE 


Ut icems max 

48 REACTOR area 

49 path length 

50 CORE WN. AREA 

51 REACTOR LENGTH /TURN 

52 REACTOR HEIGHT 


The maximum value that the 
RMS capacitor current takes 
on over the entire design 
range of the converter 

The cross-sectional area 
of the magnetic material 
in the core stack used 


The mean magnetic path 
length of the core used (m) 

The area gf the core 
window (m ) 

The mean length/turn of 
the wound reactor, computed 
on the same basis as the 
core length/turn parameter 
(see Sec* 6*4*2) (m) 

The height in meters of 
the core stack 


REACTOR MASS The mass of the wound 

reactor, neglecting the 
mass of the wire insulation 
(kg) 


54 

WIRE 

LENGTH 

The length in meters of the 
wire used in the winding, 
based on a 40$ winding factor 
( DC1DC ) 

55 

PRI. 

WIRE 

LENGTH 

The length in meters of the 
wire used in the primary 
winding, based on a 40$ 
winding factor (DC2DC) 

56 

WIRE 

RES. 


The resistance in ohms of 
the winding (DC1DC) 

57 

PRI. 

WIRE 

RES. 

The resistance in ohms of 
the primary winding (DC2DC ) 

58 

SEC. 

WIRE 

LENGTH 

The length in meters of the 
wire used in the secondary 


winding, based on a h0% 
winding factor (DC2DC) 


NOTE HO. 




OUTPUT VARIABLE. 


59 

SEC« WIRE RES 

The resistance in ohms of 
the secondary winding 
(DC2DC) 

60 

P0 

The converter output power 
(watts) 

6l 

IA 

The minimum value of the 
reactor current over a 
cycle (amperes) (DC1DC) 

62 

IAP 

The value in amperes that 
the primary current takes 
on at the beginning of the 
transistor on— time (DC2DC) 

63 

IAS 

The value in amperes that 
the secondary current takes 
on at the beginning of the 
transistor on-time (DC2DC ) 

6H 

IB 

The maximum value in amperes 
that the reactor current 
takes on over a cycle (DC1DC) 

65 

IBP 

The maximum value in amperes 
that the primary current 
takes on over a cycle (DC2QC) 

66 

IBS 

The maximum value in amperes 
that the secondary current 
takes on over a cycle (DC2DC) 

67 

T ON or T’OFF 
(depending on controller) 

The transistor on-time 
(T ON) , or that portion of 
the transistor off-time 
during which the reactor 
current is greater than zero 
( T * OFF) . (DC1DC) (Wsec) 

68 

FREQ 

The converter frequency 
(KHz) (DC1DC) 

69 

FREQ or T ON 

(depending on controller) 

The converter frequency in 
KHz (FREQ) or the trans- 
istor on-time (T ON) in 
X) sec ( DC2DC ) 

70 

IXAVE 

The average value (amperes) 
of the reactor current 
(DC1DC) 
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NOTE NO. OUTPUT VARIABLE 


NOTE 


71 

IX RMS 

The RMS value (amperes) of 
the reactor current (DC1DC) 

72 

IPRMS 

The RMS value (amperes) of 
the primary current (DC2DC) 

73 

I S RMS 

The RMS value (amperes) of 
the secondary current 
(DC2DC) 

74 

I CRMS 

The RMS value (amperes) of 
the current in the capacitor 

75 

LOSSES TRANS 

Estimated power loss (watts) 
in the transistor (see Sec. 
1.2.1) 

76 

LOSSES DIODE 

Estimated power loss ( watts) 
in the diode (see Sec. 

1.2.2) 

77 

LOSSES WIRE 

Estimated power loss (watts) 
in the reactor winding(s) 
(see Sec. 1.2.3) 

78 

LOSSES CORE 

Estimated power loss (watts) 
in the magnetic core 
material (see Sec. 1.2.3) 

79 

LOSSES CAPAC 

Estimated power loss (watts) 
in the capacitor (see Sec. 
1.2.4) 

80 

LOSSES TOTAL 

Estimated total power loss 
(watts). Computed as the 


sum of the transistor, diode, 
wire, core and capacitor 
losses 

8l EPF Estimated converter effec- 

iency {%) * Computed as the 
ratio of the output power 
to output power plus losses 

The estimated converter 
effeciency divided by the 
mass of the wound reactor 
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EFF/MASS 


73 


SAMPLE PROGRAMS 

The five sample programs given in Sections 5*2 -5*6 offer 
possible uses of Program DC1BC in the solution to a hypothetical 
design problem. The same design problem is attached through the 
use of Program DC2DC in Sections 5*7“5*£. These sets of programs 
begin with specified design requirements and work toward two 
completed reactor element designs (a single-winding design from 
Program DC1DC and a two-winding design from Program DC2DC) using 
the computer programs as tools. The procedure followed in 
completing these designs is structured so as to illustrate all 
of the available program procedures and is not intended to be 
illustrative of a "typical” design procedure. A single design 
problem was chosed so that similarities and differences in the 
program output could be more readily compared across the set of 
program procedures. Also, the use of a single design problem 
serves to more clearly illustrate some of the possible advantages 
offered by the Design Constraint Options provided by Program DC2DC, 
In the following sections, the previously adopted convention of 
including the relevent program name in the title of each section 
will be continued. Sections whose titles do not mention a part- 
icular program name (i.e, DC1DC or DC2DC) apply to both sets of 


sample urograms , 


i 


5.1 SAMPLE PROBLEM 

Design, a reactor element for a voltage step-up/cnrr ent . step- 
up converter -with a constant frequency controller which will meet 
the following set of design requirements: 


Output Voltage 
Input Voltage Range 
Output Power Range 
Converter Frequency 


24.0 volts 

6.0 to l6.0 volts 

10.0 to 20.0 watts 

10.0 KHz 


Also given are the following parameter values for the circuit 
components: 


Transistor Saturation Voltage 
Diode Forward Drop 
Canacitor ESR 


1.0 volt @ 10.0 amperes 
0,6 volt 
0.10 ohm 


By consulting manufacturers’ core catalogs; it is determined 
that the Residual Flux Density of the core material is on the 
order of 0,01 tesla. From manufacturer's data a value should also be 
selected for the maximum operating flux density so that the program 
assumption that the core operates in its linear region is satis- 
fied, Assume that a value of 0.36 tesla will satisfy this assum- 
ption. 

Finally, assume the commonly used values of 0.4 for the 
maximum allowable winding factor , 5 * 0 6 j * 10 m /ampere (= 1000 
circular mils/ampere) rec iprocal current dens it y and that heavy 
coated wire will be used for the winding(s). The maximum value 
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of the -winding factor is determined largely by the technique 
used for -winding the core and the wire size. Experience is the 
best guide for choosing a maximum allowable winding factor. The 
reciprocal current density value chosen may vary with application 
and type of package or other criteria and the type of wire 
coating chosen depends on turn-to-turn voltage level and possibly 
other factors. 

5.2 SAMPLE PROGRAM #1 — PROGRAM DC1DC 

As a starting point. Sample Program #1 uses the DSN1 pro- 
cedure of Program DCILC to obtain a list of usable single-winding 
reactor designs for the circuit of Figure 1-c . By refering to 
Sections 3.1 - 3.6 it can be seen that most of the required 
input data has been given in Section 5.1. Now the minimum number 
of cores in the stack, the minimum number of strands of wire, the 
minimum value of flux density, and a set of parameters for use in 
the evaluation must be selected. 

Setting the minimum flux density equal to the residual flux 
density insures that both designs which operate only in Mode 1 
(continuous conduction mode) and those which operate both in 
Mode 1 and Mode 2 (discontinuous conduction mode) will be pro- 
duced. Unless space or wire stiffness is a problem, designs with 
only one core and one strand of wire would normally be desired. 
Choosing a one core minimum stack and the minimum number of 
strands = 1 will allow such designs to be computed. Also, assume 
that designs which have a stack height of two cores or less are 
required . 






1 



7 6 


For illustration, the first three designs are evaluated in 
Sample Program #1 . Since both the input voltage range and the 
output power range cover 10 units, setting the input voltage 
increment and the output power increment equal to 2.0 units gives 
evaluations at six values of output power for each one of six 
values of input voltage, i.e. thirty-six evaluation points. 


5.2.1 Design Requirement Input Data — Sample Program #1 (DC1DC) 
The following is a complete summary of the input data: 


Converter/Controller Code 

Catalog Print Code 

Program Procedure 

Output Voltage 

Input Voltage Range 

Output Power Range 

Converter Frequency 

Residual Flux Density 

Minimum Flux Density 

Maximum Flux Density 

Maximum Winding Factor 

Wire Type Code 

Reciprocal Current Density 

?4inimum No. of Cores in Stack 

Maximum No. of Cores in Stack 

Minimum No. of Strands of Wire 

Transistor Saturation Voltage 


FQUD 

HP 

DSNl 

24.0 volts 

6.0 to 16,0 volts 

10.0 to 20,0 watts 

10.0 KHz 
0.01 tesla 
0.01 tesla 
0,36 tesla 
0.4 

HEAV 

—7 2 

5.067 s 10 m /ampere 
1 
2 
1 

1.0 volt § 10.0 amperes 






\ 

r 
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0.6 volt 
0.1 ohm 


Diode Forward Drop 
Capacitor ESR » 

Maximum No. of Evaluations 
Input Voltage Increment 
Output Power Increment 


3 

2.0 volts 
2.0 watts 


5.2.2 Control Cards— Sample Program #1 (Program DC1DC) 

The control cards for Sample Program #1 are shown helov 
Sections 3. 1-3. 6 give instructions for preparing these cards 


FQUIi HP BSH1 3 

34. 6. 16. U<* 

1,0 Hi. .60 .1 


3. 

30. 


2. 

10 .' .01 


.01 


.36 


.4 i 3 5.067E-07 HEftV 


il 
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5.2.3 Results of Sample Program #1— Program DC1DC 

The results of Sample Program //I are given on the following 
pages. Program DC1DC has produced a list of fifty single-wind- 
ing reactor designs which will meet the design requirements. 

The list of designs gives the manufacturers' catalog numbers, 
relative permeability, number of turns, wire size, and winding 
factor for each usable design as well as other parameters. Note 
from the print out that all of the designs generated use only one 
in the stack. Also, many of the designs operate in Mode 2 


core 


(discontinuous conduct-ion mode) over some portion of the oper- 
ating range. This can he seen from the ’’OP MODE” column of the 
design list. Note also that the actual winding factor, as seen 
in the "WDG FAC" column, is less than the specified maximum of 
0,4 for all the listed designs. By noting the RMS value of the 
reactor current from the "XXRMS.MAX" column and applying the 
reciprocal current density constraint, it can he seen that the 
program has chosen the correct wire size in all cases. 

In the design evaluations, the output gives the same design 
information as was given in the design list. However, additional 
information on the reactor is also given. As desired, thirty-six 
evaluation points have been produced with six values of output 
power for each of six values of input voltage. Note that the 
value of IA is equal to zero over some part of the design range 
for those designs whose "OP MODE" is equal to two. The last two 
columns in the evaluation output give estimates of the converter 
efficiency and the ef f ic iency/mass . The EFF/MASS column may he 
particularly useful in comparing designs in terras of performance- 




DESICX EVALOATIOH 
MAX. NO. Or EVALUATIONS a 3 


evaluation fob desigh ho. i 


SIZE 

HO. 


MAGNETICS arnoid 

MU 

H 

AUG 

IND. 

VOG DSN OP IB 

IXRMS ICFMS 




, 





MH 

FAC MODE * MODE MAI 

MAI MAI 

21 



55548 

A-548127 

125. 

22 

12 

0.063 

C* 275 1 ■ 2 8. 248 £ 

.291 2.C09 

REACTOR 

AREA 

SO.M 

path 

LENGTH 

H 

CORE 

sn.area 

SO.M 

REACTOR 

LEHGTE/TBRN 

R 

STACK 

HEIGHT 

M 


REACTOR 

MASS 

KG 

REACTOR 
VIRE LEN. 
M 

FFACYCS 
VISE RES. 
CHNS 

6. 1208-05 

8.1S0E- 

02 

2.927E-04 

4 

•270E-02 


1.160E-02 

7.379E' 

-02 

9.394E-01 

4, 

9S3E-03 

T 111= 

6.0 














PO 

VATTS 

IA 

AttPS 

IH 

AMPS 

T ON 
MSEC 

FREQ 

KHZ 

HAVE 

AMPS 

HEMS 

AMPS 

ICRMS 

AMPS 

************ 
TRANS DIODS 

LOSSES 

VISE 

(VATTS) 

CORE 

************ 
CAPAC TOTAL 

EPF 

s 

BFP/HA55 

t/KG 

10.0 

12.0 

14.0 

16.0 
18.0 
20.0 

0.0 

0.0 

0.14 

0.52 

1.13 

1.62 

5.' 

6.2b 

6.77 

7.26 

7.7S 

8.25 

71.7 
78.5 
83.1 
83.1 
83. 1 
83.1 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

2.467 

2.960 

3.453 

3.947 

4.040 

4.933 

3.067 

3.516 

3.948 

4.386 

4.835 

5.291 

1.189 

1.356 

1.514 

1.675 

1.840 

2.009 

0.782 
1.027 
1.295 
1 .599 
1.943 
2.327 

0.250 

0.300 

0.350 

0.400 

0.450 

0.500 

0.047 
0.062 
0.078 
0.096 
0. 117 
0.140 

0.757 

0. 989 

1. 167 
1. 167 
1.167 
1. 167 

0.141 1.977 

0.184 2.562 

0. 229 3.120 

0.281 3.542 

0. 339 4.015 

0.404 4.537 

83.5 

62.4 

81.6 
81.9 
81. f 

81.5 

1.132E 03 
1.117E 03 
1 . 108E 03 
1. 110E 03 
1.108E 03 
1. 105S 03 

V 111= 

a.o 







• 






• 

PO 

VATTS 

IA 

AMPS 

IB 

AMPS 

I OH 
OSEC 

FREQ 

KHZ 

HAVE 

AMPS 

IJBHS 

AMPS 

ICRMS 

AMPS 

************ 
TRAHS DIODE 

LOSSES 

VIES 

(WATTS) 

CORE 

************ 
CAPAC TOTAL 

EFF 

X 

EIF/flASS 

X/KG 

10.0 
12.0 
14. 0 
16.0 
18.0 
20,0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

5.72 

6.28 

6.77 

7.23 

7.67 

8.09. 

51.2 

56.1 

60.6 

64.8 

68.7 

72.4 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

1.881 

2.257 

2.633 

3.010 

3.336 

3.762 

2.678 
9. 070 

3. 447 
3.910 

4. 161 
4.504 

1.189 

1.356 

1.514 

1.664 

1.809 

1.949 

0.550 
0.734 
0.925 
1.130 
1 .343 
1 .579 

0.250 

0.300 

0.350 

0.400 

fl.450 

0.500 

0.036 

0.047 

0.059 

0.072 

Q.C86 

0.101 

0.757 

0. 989 
1. 240 

1. 508 
1.793 
2.094 

C. 141 1.743 

0.184 2.254 

0.229 2.803 

0.277 3.387 

0.327 4.005 

0.380 4.654 

85.1 
84.: 
83.3 

62.5 

81.6 

81.1 

1.15UE 03 
1.141E 33 
1. 1295 33 
1.1185 03 
1. 1092 03 
1.C99E 03 

V IH= 

10.0 














PO 

SATIS 

,IA 

amps 

IB 

AMPS 

T OH 
OSEC 

FREQ 

KHZ 

HAVE 

AMPS 

IX5MS 

AMPS 

ICRMS 

AMPS 

************ 
TRANS DIODE 

LOSSES 

VIES 

(WATTS) 

CORE 

************ 

CAPAC TOTAL 

EFF 

X 

EFF/MASS 

X/KG 

10.0 

12.0 

14.0 

16.0 
18. 0 
20.0 

0.0 
0.0 
0. 0 
0.0 
c.o 
-0.0 

5.72 

6.26 

6.77 

7.23 

7.67 

a. 09 

39.8 
43.6 
47. 1 

50.4 

53.4 
56.3 

10.00 

10.03 

10,00 

10.00 

10.00 

10.00 

1.556 

1.867 

2.178 

2.489 

2.eoo 

3.111 

2.435 
2.792 
3. 134 
3.S64 
3. 784 • 
4.096 ' 

1.189 

1.356 

1.514 

1.664 

1.809 

1.949 

0.434 

0.571 

0.719 

0.879 

1.049 

1.223 

0.250 

0.300 

0.350 

0.400 

C.450 

0.500 

0.C30 
0.039 
0.C49 
0.060 
0.072 
0.0 84 

0.757 

0. 989 , 

1. 240 
1. 508 
1.793 
2.094 

0.131 1,613 

0. 184 2.082 

0.229 2.587 

0.277 3.120 

0.327 3.6 90 

0.380 4.285 

86.1 

as.: 

84.6 
33.- 
S3 .0 
82.4 

1. 167E 03 
1. 155E 03 
1.1442 03 
1 . 534E 03 
1.125E 03 
1.1162 03 

7 IH= 

12.0 














PO 

SATIS 

IA 

AMPS 

IB 

AMPS 

t oa 

OSEC 

PHSQ - 
KHZ 

HAVE 

AMPS 

ITEMS 

AMPS 

ICRMS 

AMPS 

************ 
TRAHS DIODE 

LOSSES 

VIBE 

(WATTS) 

COSE 

************ 
CAPAC TOTAL 

EFF 

Eli /MAES 
S/KG 

10.0 
12. C 

14.0 
16. 0 

18.0 
20.0 

0.0 
0. 0 
0.0 
0.0 
0.0 
0.0 

5.72 

6.26 

6.77 

7.23 

7.67 

8.09 

32.6 

35.7 

38.6 
41.2 

43.7 
46.1 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

1.343 

1.618 

1.898 

2.158 

2.427 

2.697 

2.267 
2. £00 
2,918 
3.226 
3, £24 
.1.813 

1. 189 
1.356 
1.514 
1.664 
1.809 
1.949 

0.355 

9.467 

0.583 

0.719 

0.S53 

1.005 

0.250 

0.300 

0.350 

0.400 

0.450 

0.500 

0.026 

0.034 

0.043 

0.052 

0.062 

0.073 

0.757 
0.989 
1.240 
1.508 
. 1.793 
2.094 

0.141 1.530 

Q. 184 1.973 

0.229 2.450 

0.277 2.956 

0.327 3.490 

0.380 4.051 

86.7 
85.9 
85.1 
84.4 
83 £ 
85. 2 

1. 17SE 03 
1.164E 03 
1.153E 03 
1. .**42 03 
1.13SE 03 
1. 127E 03 

7 IN = 

14.0 














PO 

SAITS 

IA 

amps 

IB 

AMPS 

T OH 
OSEC 

FREQ 

KHZ 

HAVE 

AMPS 

ITEMS 

ASPS 

IC.1HS 

AMPS 

************ 
TRAHS DIODE 

LOSSES 

VISE 

(WATTS) 

CORE 

************ 

CAPAC TOTAL 

EFF 

X 

EFF/MASS 

I/KG 

10.0 

12.0 

«:8 

18.0 

20.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

5.72 

6.26 

6.77 

7.23 

7.67 

8.09 

27.6 
30.2 

32.6 
34.9 

37.0 

39.0 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

1.20S 
1.446 
1..6 87 
1.928 
2.169 
2.410 

2. 143 
2.458 

. 2.759 
3.049 

3. 331 
3.605 

1.189 

1.356 • 

1.514 

1.664 

1.809 

1.949 

0.301 

0.395 

0.499 

0.603 

0.726 

0.850 

0.250 

0.300 

6.350 

0.400 

0.450 

0.500 

0.023 

0.030 

0.038 

0.046 

0.055 

0.065 

0.757 
0. 989 
1.240 
1.508 
1. 793 
2.094 

0.141 1.472 

Q.1B4 1.898 

0.229 2.355 

0.277 2. 240 

0.327 3.352 

0.380 3,889 

67.1 

86.3 

85.6 
84.9 

84.3 

83.7 

1. 1812 03 
1.170E 03 
1. 160E 03 . 
1. 1512 03 
1. I42E 03 
1 . 1352 03 

V IS= 

16.0 














PO 

SATIS 

IA 

AMPS 

IB 

AMPS 

T OH 
US EC 

FH2Q 

KHZ 

HAVE 

AMPS 

IX2HS 

AMPS 

ICRMS 

AMPS 

************ 

TRANS DIODE 

LOSSES 

VISE 

(VATTS) 

CORE 

************ 

CAPAC TOTAL 

EFF 

S 

EFF/MASS 

i/kg 

10.0 
12, C 
.14.0 
16.0 
18.0 
20.0 

8:8 

0.0 

0.0 

0.0 

0.0 

5.72 

6.26 

6.77 

7.23 

7.67 

8.09 

23.9 

26.2 

28.3 

30.2 

32.1 

33.8 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

1.100 

1.320 

1.540 

1.760 

1.980 

2.200 

2.048 
2.348 
2. 636 
2.913 
3.182 
3.444 

1.189 

1.356 

1.514 

1.664 

1.809 

1.949 

0.261 

0.342 

0.432 

0.527 

0.629 

0.737 

0.250 
0.300 
0.350 
0 • 400 
0.450 
0.500 

0.021 

0.028 

0.035 

0.042 

0.051 

0.059 

0.757 

0. 989 
1. 240 

1. 503 
1.79 3 

2. 094 

0.141 1.430 

0.184 1.843 

0.229 2.285 

0.277 2.755 

0.327 3.250 

0.380 3.770 

87.5 

86.7 
86. C 
95.3 

84.7 
84.1 

1.1S6E 03 
1.1752 03 
1.165E 03 
1. 1562 03 
1. 148E 03 
1.140E 03 
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< *4 *«*#*«**•’*•»• **•***••*♦ 

EYALDATIOH JOB DESIGK XO. 

«... ' BAGX5T1CS 


abxold 


A -329117 


IE ACTOR 
AREA 
so. a 


PATH 

LEHGTH 

a 


CORE 
SR. AREA 
SQ.fl 


6 . 78 QZ- 0 S 8 . 980 B -02 3 . 599 E -09 


REACTOR _ 
LEHGTH/TURB 
R 

9 . 3901-02 


STACK 

EKGHT 

a 

1 . 130 E -02 


REACTOR 

KA 5 S 

KG 

7 . 952 E -02 


DSX OP 
BODS EOOE 


REACTOR 
SIRE LSH. 

a 


f. 21 SE 00 


«»«*»•****** LOSSES (BATTS) IT! 
TSARS DIODE SIRE CORE clPtc 


0 ^50 0 .CS 3 0.629 0 . 11 ? 
8:i|B oliSS 0.629 0 . si 


U 933 O-ggS 

3-771 °-232 


O^SO OJIt 
0.900 0.190 

0.950 0.179 

0.500 0.211 


ate ’9 0.196 2.910 

0 629 0:297 2 .B 9 U 

0.629 0.305 3.330 

0.629 0,370 3.867 


LOSSES (BATTS) 

nVndP O T7 - CO HE 


******** 

CAPAC 7 


REACTOR 
RISE RSS. 
CHHS 

8 . 133 E -03 


eff/biss 

s/ KG 

1 . 075 E 03 
1 . 076 E 03 
1 .D 73 E 03 
1 . 06 BE 03 
1 .06 IE 03 
1 . 059 E 03 


2ET/SA5S 

S/KG 

1 . 085 E 03 
1 . 079 E 03 
1 . 069 E 3 | 
t.GSBZ 03 
1 .G 62 E 03 
1 . 064 E 03 


tir-* 

T IE* 10.0 






SO 

HITS 

T 1 

ABPS 

IB 

ABPS 

T OB 
OS EC 

FREQ 

KHZ 

IXATE 

1 BPS 

L_; 

10 . c 

12 . C 

19.0 

16.0 
ia. 0 
20.0 

0.0 

o.o 

0.0 

2-2 

0.0 

0.0 

9.70 

5.19 

5.56 

5.99 

6.30 

6.69 

96.5 

53.1 

57.9 

61.9 

55.1 
6 8.6 

10.00 
10.00 
10.00 
10.00 
10 , ao 
10.00 

1,556 
i :867 
2 - 173 
2.909 
2.800 
3.111 


T IX* 

12.0 





i. „• 

PO 

BAITS 

IA 

ASFS 

IB 

ABPS 

T 03 
US 2 C 

FREQ 

KHZ 

KATE 

ASP' 

/T»=» 

10.0 
12 . C 

19.0 

16.0 
18.0 
20.0 

. 0.0 
0 . o 

§:8 

olo 

9.70 

5.19 

5.56 

5.99 

6.30 

6.69 

39.7 

93.5 

97.0 

50.2 

52.2 

56.1 

10.00 

10.03 

10.00 

10.00 

10.00 

10.00 

1.398 
1 . 61 B 
1.888 
2 , 153 
2.927 
2.697 

n:>* 

7 IH* 

19.0 





■ } 

BO 

BATTS 

IA 

ABPS 

IB 

ABPS 

T OH 
OSEC 

7 SEQ 

KHZ 

KATE 

ABPS 

V’ y 

: t ; 

10.0 
12 . C 

19.0 

16.0 
18.0 
20.0 

0.0 

0.0 

0.0 

0.0 

0 . D 
0.0 

n .70 

5 . 1 ? 

5.56 

5.99 

6.30 

6.69 

33.6 
36.8 

39.7 

92.5 
95.1 

97.5 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

1.205 

1 . 9 U 5 

1.687 

1.926 

2.169 

2.910 


T 13 * 

16.0 





T 

’S 

PO 

BUTS 

IA 

laps 

IB 

ABPS 

T OH 
0 S 2 C 

FREQ 

KHZ 

KATE 

KBPS 

•t • 

10.0 

12.0 

19.0 

16.0 
13 . C 
20.0 

0.0 

0.9 

D.O 

0.0 

0.0 

0.0 

9.70 

5.19 

5.56 

5.99 

6.30 

6.69 

29.1 

31.9 

39.9 
36.3 
39.0 

91.2 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

1.100 

1.320 

1.590 

1.760 

1.980 

2.200 


*««*** 4 l 4 l*** X 

TBA 5 S DIODE 


0^722 O.ttOO 
0.661 0.950 

1.009 0.500 


LOSSES (BATTS) 
RISE COBS 

0.090 0.721 

0.052 0 . 9»1 

0:066 1.180 

C.vBQ 1.935 
0.096 1-706 

0.112 1. 992 


***.««»***** 
CAPAC TOTAL 


0 :iR 2 2.366 

0.220 2.656 


*»*«»***»*** LOSSES (BATTS)' 
TRASS DIODE BI 3 E CORE 

Ml! 8 :iio. S:c 9 s %:li\ 

9*403 0.350 0.057 

0.593 0.900 0 .C 69 1-511 

0*709 0.250 0--33 2-IS| 

0.825 0.500 0.-97 1.992 


#*«»****•*** 
CAPAC TOTAL 


0.259 3.202 

0.299 3.713 


TRASS DIODE 

0.297 0.250 

0.329 0.300 

0 .OC 9 0.350 

o.sao o.aoo 

Q-SS 5 0 . 950 


LOSSES (BAITS) 
RISE COBS 

0 .C 31 ■ 0.721 
0.390 0.591 

O.C 51 1.130 

0 .CS 2 1 . 93 | 

9-922 -225 


CAPAC TOTAL 


.*.—*-**- BOSSES (BATTS) 


EEF/BASS 

S/KG 

1 . 095 E 03 
1 .C 8 SS 03 
1 . 076 E 03 
1 . 067 E 33 
1 .C 59 E 03 
1 . 052 E 03 


EEP/HASS 

S/KG 

1 . 102 E 03 
1.0922 33 
1 .3832 03 
1 . 07 SH 33 
1 . 068 E 03 
1 . 061 E 03 


EFE/BASS 

S/KG 

1 . 107 E 03 
1.0972 03 
1.0092 03 
1 . 061 E 33 
1.0792 03 
1 . 067 E 03 


EJP/HASS 

S/KG 

1.1 102 03 
1 . 101 E 03 
1.0931 03 
1.2852 03 
1.9782 03 
1 . 07 IE 03 


reproducibility op TSi 
ORIGIN All PAGE IS POOR 




EVALUATION FOB DESIGH HO. 3 

Slis • HAGNETICS ARHOLD 


nsti OP IB 

Sous BOOK nAX 


IIRHS ICKHS 
KAX HAS 


A-254168 


REACTOR 

AREA 

so. 8 


PATH 

LENGTH 

N 


CORE 
RK. AREA 
SQ.tl 


1.070E-04 9.BUCE-Q2 4.27OE-04 


REACTOR 

LZHGTB/TUHR 

S 

5.4001-02 


13 0.247 


STACK 

HEIGHT 

K 


5.776 4.957 1.859 


1.540E-02 


REACTOR 

HASS 

KG 

1.3B5E-01 


REACTOR 
VIBE LEH. 

n 

2.052E 00 


PO 

sms 

rA 

AHPE 

IB 

AHPS 

T OH 
OSEC 

FREQ 

KH3 

IXA7K 

AHPS 

ITEMS 

ARPS 

ICRHS 

AHPS 

till.. 

n<,o 

16.0 

10.0 

20.0 

1.62 
2.12 
2.6 1 
3.10 
3.60 
4.09 

3.31 

3.80 

4.30 

4.79 

5.28 

5.78 

83.1 

83.1 

B3.1 

83.1 
B3.1 

03.1 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

2.467 

2.960 

3.453 

3.947 

4.440 

4.933 

2.514 

3. COO 
3.487 
3.577 
4.467 

4. 557 

0.946 

1.127 

1.309 

1.492 

1.676 

1.859 

V 1 11= 

8.Q 







PO 

WATTS 

IA 

AHPS 

IB 

AHPS 

T OH 
OSEC 

FREQ 

KHZ 

HAVE 

AHPS 

ITEMS 

AHPS 

ICRHS 

AHPS 

10.0 

12.0 

14.0 

16.0 
1R.0 
20.0 

o.7e 
1.15 
1.53 
1.90 
2. 2 8 
2.6 6 

2.99 

3.36 

3.74 

4.11 

4.49 

4.87 

77.8 

77.8 

77.8 

77.8 

77.8 

77.8 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

1.881 

2.257 

2.633 

3.010 

3.386 

3.762 

1,. 786 
2.346 
7.709 
3.076 
3.445 
3.816 

0.837 

C.9B4 

1.134 

1.28S 

1.438 

1.591 


**»*»«»***** LOSSES (VATTSJ ”””"”72 
TEAKS DIODE RISE CORE CAP AC .OTAL 

0.525 0.250 0.087 0.121 O.OS9 1.072 

Uu 5:il§ 8 : it? 8 : f o.jtl |:||g 

3-322 9*1528 nlili 21783 


1,011 U.ID» 'A -i o 

1*655 O.’BSO 8l274 0.* 121 ollll 2l78| 

2^42 ot 500 0.337 0.121 0.346 3.346 


************ 
TRAHS DIODE 

0.307 0.250 

0.423 0.300 

0.571 0.350 

0.737. 0.400 


LOSSES (BATTS) 
WIRE CORE 

0.054 0.261 

0.076 0.261 


************ 

CAP AC TOTAL 


. HEACTOS 
WISE HES. 
CHHS 

1.373E-02 


6.523E 02 
6.458E 02 
6.391E 02 
6.323E 02 
6.255E 02 
6.187S 02 


2FF/HASS 

S/KG 

6.500E 02 
6.535E 02 
6.56QE 02 
6.531E 02 
6.J9BE 02 
6.-63E 02 


7 IK= 10.0 

PO XA 
WATTS AHPS 


**+*«******* 
TRAHS DIODE 


0.752 0.500 


LOSSES (WATTS) 
RIEE CORE 

0.041 0.451 

0.056 0.451 

0.073 0.451 

0.393 0.451 

0.116 0.451 

0.141 0.451 


************ 
CAPAC TOTAL 


2SF/HASS 

S/KG 

6.550S 02 
6. 5709 02 
6. 577 2 02 
6.573S 02 
6.5542 02 
6.551S 02 


PO IA 
SATTS AHPS 


************ 
TEARS DIODE 

0.179 0.250 
0.236 0.300 
0.301 0.350' 
0.376 0.400 
0.462 0.450 
0.557 0.500 


LOSSES (WATTS) 


************ 

CAPAC TOTAL 

0.063 1.090 

o.oao 1.345 

0.101 1.494 

0.124 1.657 

0.150 1.936 

0.1B0 2.030 


E2F/R ASS 
S/KG 

6.5122 02 
6. 4942 02 
6,5262 02 
6. 5442 02 
6.554E 02 
6.557E 02 


******««!: i°?§s s 


0.032. 0.562 
0.042 Q. 733 


EFF/HASS 

S/KG- 

6.5312 02 
6.490E 02 
6.4532 02 
0.478E 02 
6.5042 02 
6.521S 02 


IA 

AHPS 

IB 

AMPS 

T OH 
US EC 

FREQ 

KHZ 

HAVE 

AHPS 

0.0 

0.0 

0.0 

0.0 

0.09 

0.31 

2.88 
3. 16 
3.61 
3.65 
3.87 
4.09 

47.4 
51.9 
56. 1 
60.0 
62. 1 
62.1 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

1.100 
1.320 
1. 540 
1.760 
1.929 
2.200 


ICRHS- 

AHPS 


*»*»***■«** = * 
TRASS DIODE 


^II! S ‘SSI* CAP AC**70TAL 

8:811 8 : 73 ! 8 : 8 | 1 :| 1 S 


0:266 0.490 

0.317 0.450 


0.340 3:917 0.099 1.631 

0.059 1. 114 0.118 1.956 

0.070 1.235 0.137 2.210 

0.0 8 3 - 1.23 5 0. 159 2.351 


EFF/HASS 

S/KG 

6.544E 02 
6.505E 02 
6.469E 02 
6.4352 02 
6.4332 02 
6.462S 02 


l ,U««M<****»* u *“ 


************** *************** * ' 


******** **************** 


*********************** ****' 
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original page is poor 
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5.3 SAMPLE PROGRAM # 2 — PROGRAM DCIDC 


Wow suppose that to the design requirements given in 
Section 5*1 the constraint that all designs operate in Mode 1 
(continuous conduction mode) over the entire design range is 
added. This is satisfied simply by making the minimum flux 
density greater than the residual flux density. Let the minimum 
flux density be 0.011 tesla and make another run using the DSW1 
procedure of Program DCIDC. All other design requirements will 
remain the same as those used in Sample Program #1. 

5.3.1 Control Cards~~Sample Program j?2 (Program DCIDC) 

The control cards for Sample Program #2 are sho'wn below. 

Sections 3. 1-3. 6 give instructions for preparing these cards. 

FQUB HP BSHi 
24 1. 6» ii?t 

1.0 10. ,60 
it 

’QaOOOOOOOOOOOGQOaOOOOOOOOOOQOQOOOBOOGQOaOOOOOGOOOQQQOOGOGOOOOOOOOOOOOOOQOOOOOOO 

t t 3 ■< 3 5 7 I 3 to II 12 n II IS IE 17 13 13 70 it 27 ?) J* !S HE It U » 3a 1! 17 U H 3J36 H 33 31 40 «l «7 41« «« (I UISS3SI S2SJM Si 55 SJ M £S EO Cf S? HE. E3 6SE7CI 63 10 71 tt 73 U J5 IS 7! II 13 SS 

i m i u i n i tn n i m n m 1 1 m 1 1 m m t ii i ii ii 1 1 1 1 m i r n 1 1 m n i n 1 1 1 m m m i 


10, 

,1 


50. to. .01 .011 ,36 


.4 


2 5.067E-07 HEAV 


5.3.2 Results of Sample Program #2— Program DC1DC 

The results of Sample Program H2 are given on the following 
pages. Program DG1DC has again produoed a list of fifty usable 
designs. However, note from the "OP MODE" column that all of 
these designs operate in Mode 1 (continuous conduction rode) 
over the entire operating range. Note also that the program has 
added a core to the stack in order to produce fifty designs. By 
comparing the output to that from Sample Program #1, it can be 
seen that most of the Mode 1 designs produced by Sample Program 
#1 have also been produced by Sample Program #2. This is due to 
the fact that the total allowable flux density range is almost, 

but not quite, the same in both cases. 

Note from the evaluation output that the value of IA is 
greater than zero over the entire design range of the converter, 
Also, since larger core sizes have been used, the efficiency/ 
mass of the designs evaluated in Sample Program #2 is less than 
that for the designs evaluated in Sample Program Hi. 
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******* ***•’* *• *••»*•*»♦•♦»«'* pinuwmutMHu,,,,,,,,,,,,,,,,,,,, >..»»».* 

TODD — COHSTAHT 7HE0 TCL7AGE STRP-UP/CUBR ENT STEP-tlE C0KYISTE3 OSSICH 
I/O IS TOLTS, lHPZHEJ, BAITS, TESL1S. HICROSEC, A 112, OHHS 



COHTERTEK SPECIriCATIOHS 


ORT HIS HAI 3 P h§r T P hax T sat coll. bicde Hr rsEQ residoal him kax rlcroa coees 

2B.0 6.C 16.0 10.0 20.0 1.00 1Q.QC 0.60 0.10 10.0 1.0001-02 1.190E-02 3.600E-01 O.uO 2 

« <**•«»«•*»»* a..* « «*c« «••»••*••«»**»»*«***,■*.**,,, 

HIRE TIPS' HEAT HIS. STBASC5* 1 RECIPROCAL COSREST EE5SITT' S.067E-C7 SC. B/ ASS 

::::**!!!**^* , *** .......a,.,,.... 


TEZ IOLLCSISG CORES HATCH THE COHSTHAIHTS BHES USED IS A 
SIZE HAGSETICS ARHOLD SB S 


ARHOLD 

SB 

* 

AHG 

A-109156 

125. 

60 

13 

A— 1 55185 

197, 

SO 

13 

1-438281 

125. 

45 

13 

A— 152330 

147. 

28 

1 3 

A— 325360 

160. 

34 

13 

A-123068 

60. 

185 

13 

A— 866142 

125. 

07 

13 

A— 156167 

147. 

. 73 

13 

A-133197 

173. 

62 

13 

A— 219233 

205. 

ST 

13 

A-125112 

60. 

234 

13 

A-542228 

12S. 

m 

13 

A- 1 57268 

147. 

94 

13 

1-184316 

173. 

80 

13 

A- 220374 

205. 

67 

13 

A— 128124 

60. 

311 

13 

A— 127259 

125. 

149 

13* 

1-1S83Q4 

147. 

126 

13 

A-185358 

173. 

107 

13 

A— 221425 

205. 

90 

13 


1-COHZ STACK 


0. 569 
0. 465 
0.592 
. 0.4 96 
0. 432 

2. 284 
1.052 
0.871 
0.740 

0. 593 
5. 879 
2.756 
2.324 

1. 981 
1.647 

11.730 
5.609 
4. 717 
4. 003 

3. 356 


THE EOLLCHISG COSES HATCH THE COSSTEAIHTS BHES QS20 IE A 2-CORE STACK 



SXZS 

BAGHHIJCS 

■( •• 

HQ* 

lift 

24 

55254 


24 

55253 



55252 

fTqn 

25 

55009 


25 

55086 


25 

55067 


25 

550B2 

ij U 

A 5 

55086 


26 

55715 


26 

55714 


26 

55713 

1 ' 

26 

55709 

26 

55712 


27 

55109 


27 

55108 


27 

551Q7 


27 

55103 


27 

55106 

r • 

27 


ARHOLD 

HO 

5 

i?G 

1-254168 

T2S: 

41 

13 

1— 151 199 

147. 

35 

13 

A- 30 621 5 

160. 

32 

13 

A-089'78 

125. 

50 

13 

A-153210 

’47. 

42 

13 

A— 326228 

*50. 

39 

13 

A- 19 529 6 

173. 

35 

13 

A-216292 

200. 

30 

13 

1-71515 2 

125. 

55 

13 

1-154179 

147, 

46 

1 3 

A— 327195 

160. 

42 

13 

1-181210 

173. 

39 

13 

1-217249 

200. 

33 

13 

A-109156 

125. 

62 

13 

1-155185 

147. 

53 

13 

A- 328200 

160. 

43 

13 

A- 18221 8 

173. 

45 

13 

1-218259 

200. 

38 

13 

1-383312 

250. 

30 

13 

1—40537 4 

300. 

25 

13 

1-438281 

125. 

47 

13 

1-152330 

147. 

40 

13 

A-3253S0 

160. 

36 

13 

A- 18 0390 

173. 

33 * 

13 

A-215462 

200. 

29 

13 

A-,37956 2 . 

250,. 

23 

13 

1-401674 

200, 

19 

13 

1—123063 

60. 

186 

13 

1-866142 

125. 

89 

13 

1-156167 

147. 

75 

13 


THE A All HO K CP 50 BIhdabILITI CHECKS HAS BEEH i'ACHEE 


IB 

ixrhs 

XC5HS 

HAI 

flAI 

HU 

5.298 

4.930 

1 .850 

S.3S0 

4*940 

1*651 

5,255 

4.937 


5.25 2 

4.939 

1,651 

5,414 

0,561 

1.652 

5.024 

4.934 

1.649 

5. 131 

4.935 

1.549 

5.112 

4*935 

1.649 

5.214 

4.936 

. 1.5SO 

5.254 

4.937 

1.850 

0*959 

4.933 

1.648 

5*039 

4.93 4 

1 .549 

5.023 

4.934 

1.649 

6-C3H 

4.534 

1 .549 

5.0 = 9 

4.934 

1 .549 

4.9=1 

4.533 

1 .598 

4.910 

4.933 

1 .642 

0,9^7 

9.933 

1 .548 

4. 595 

4.933 

1,648 

4.99 5 

4.933 

1.5SS 

15 

HESS 

IC2S5 

SAX 

SAX 

HAI 

5.295 

4.530 

1.650 

5*32-5 

4.939 

1 .551 

5.297 

4.9-1 

1.652 

5.162 

4.935 

1 .649 

5.2C9 

4.936 

i.sso 

5* 237 

4.936 

1,650 

5.271 

4.937 

1 .550 
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DE3VC1J EVALUATION 


HAX. SO. OF EYAtUATIOHS « 3 


IYW.OMIOH FCH eedigb ho. 

sm flAGBBXICS 

SO. 

27 S5109 


ARUOLD 

1-109156 


BO 


125. 


BE A CTCEi 
ABEA 
SO.H 

"-'MSrn 

LENGTH 

H 


CORE 

SB.SSBA 

SQ.H 

REAC10B 

LEHGTH/rUHH 

B 

1.Q90E- 

04 

1 , 4302- 

01 9 

.4802-04 

6. 

230E-02 

T IS= 

6.0 






SO 

52173 

IA 

AHPS 

ID 

AHPS 

T OH 
OSEC 

FHEO 

KHZ 

HAVE 

AHPS 

1 1 BBS 
AHPS 

10.0 

12.0 

19.0 

16.0 
18.0 
20.0 

2.10 
2.60 
3.09 
3.58 
ft. OS 
4.S7 

2.63 

3.32 

3.82 

4.31 

4.80 

5.30 

83.1 
83. 1 
83.1 
83. 1 
83.1 
83.1 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

2.567 

2.960 

3.453 

3.947 

4,440 

4.933 

2.476 

2.567 

3.460 

3.952 

4.445 

4.S38 

7 IS* 

e.o 






PO 

SAITS 

IF. 

ABPS 

IB 

AHPS 

T OH 
OSEC 

PHEQ 

nsz 

IXA7E 

AHPS 

IXiHS 

AHPS 

ia.o 
12,0 
19*0 
16. ft 
18. ft 
20.0 

1. flC 
1.78 

2. 15 
2.53 
2.91 
3.28 

2.36 

2.74 

3.11 

3.99 

3.86 

4.24 

77.8 
77. B 
77. B 
77.8 
77.8 
77.8 

10.00 

M 

10.00 

10.00 

10.00 

1.881 

2.257 

2.633 

3.010 

3.386 

3.762 

1.901 

2.274 

2.648 

3.C22 

3.397 

3,772 

7 IH= 

10.0 






PO 

SATIS 

IA 

AHPS 

IB 

AHPS 

T OH 
OSEC 

FBEQ 

KHZ 

HAVE 

AHPS 

IIPHS. 

AHPS 

10. C 
12. C 

14.0 
Ifi.C 

18.0 
20. 0 

0.98 

1.29 

1.60 

1,91 

1:1 1 

2.13 

2445 

2v76 

3.07 

3.38 

3.69 

73.2 

73.2 

73.2 

73.2 

73.2 

73.2 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

1.555 

1.867 

2*173 

2.489 

2.800 

3.111 

1.591 
1 .396 
2.203 
2.511 
2.320 
3. 129 

7 IH = 

12.0 






PO 

SATIS 

IA 

AHPS 

IB 

AHPS 

T OH 
OSEC 

PESO 

KHZ 

HAVE 

AHPS 

IIBHS 

ASPS 

10.0 
12.0 
1<1.0 
16.0 
16. 0 
20.0 

0.6 6 
0.95 
1.22 
1.1*9 
1„3fi 
2.&3 

2.02 

2.29 

2.56 

2.82 

3.09 

3,36 

69.1 
69. 1 
69.1 
69. 1 
69.1 
69.1 

10.00 

10.00 

10.00 

10.00 

10.00 
10.00 

1.348 

1.618 

1,888 

2.158 

2.427 

2.697 

1.402 

1.663 

1.927 

2.ig2 

2.458 

2,724 

7 13= 

14.0 






PO 

EASTS 

IA 

ABPS 

IB 

AHPS 

T OH 
OSEC 

f&ZQ 

KHZ 

HAVE 

AHPS 

IIBHS 

AHPS 

10.0 

12,0 

19.0 

16.0 
18.0 
20.0 

0.46 

0. 7C 
D. 94 

1. 19 
1.42 
1.66 

1.9S 

2.19 

2.43 

|:f 

3y*6 

65. S 
65.4 
65. 4 
65.4 
65.4 
65.4 

10.00 
10.00 
1 B.00 
10.00 
10.00 
10.00 

1.205 

1.446 

1.687 

1.928 

2.169 

2.410 

1.280 
1 .509 
1.741 
1.976 
2.212 
2.449 


H 

A MG 

IHD. 

HH 

BDG 

PAC 

DSH 

BODE 

OP IB 

HODS HAI 

’ IIBHS ICBHS 

HAI Hll 

60 

13 

0.569 

0.188 

1 

. 1 5.2*8 

4.938 1 .850 


STACK 

HEIGHT 

H 


BEACTOH 

HASS 

KG 


BEACTOH 
EIRE LEE. 

H 

b r Acres 

HIRE RES. 
ORES 


1.490E- 

02 

2.6C6B-01 


3.938E 00. 

2. 503E-02 


ICHHS 

AHPS 

* *********** LOS SB’S i 
THANS DIODB VIES 

(WATTS) 

COHE 

************ 

CAF&C TOTAL 

Tvp 

1 

EFF/HASS 

X/KG 

0.928 

1.112 

1.297 

1.481 

1.666 

1.850 

0.509 

6.732 

0,995 

1.298 

1.342 

2,026 

0.250 

0.300 

0.350 

0.400 

0.450 

0.500 

0.1S3. 

0.220 

0.299 

0.391 

0.494 

0.610 

0. 029 
0.029 
0.029 
0.029 
0.029 
0.029 

0.086 
0. 124 
0. 168 
0.219 
0.277 
0.342 

1.028 

1.405 

1.842 

2.338 

2.893 

3.508 

42.7 
84 .5 
8 3.4 
67.3 
65.2 
E5.1 

3.479E 02 
3.53SE 02 
3.391E 02 
3.348E 02 
3.3052 02 
3.264E 02 

ICHHS 

AHPS 

****»•*<.-***** LOSSES 

trass diode vise 

(WITTS) 

COHE 

************ 
CAP AC TOTAL 

EPF 

X 

EFF/HASS 

X/KG 

0.792 

C.946 

1.101 

1.257 

1.412 

1.568 

0.281 

0.403 

0.546 

0.711 

0.898 

1.108 

0.250 
0.300 
C. 350 
0.400 
0.450 
0.500 

0.090 

0.129 

0.175 

0.228 

0.239 

0.356 

0,061 
0.061 
0. 061 
0. 061 
0. 061 
0.061 

0.063 
0.090 
0.121 
0. 158 
0.19? 
0.246 

0.746 

0.983 

1.254 

1.558 

1.697 

2.270 

93.1 
52.4 

91.8 

51.1 

=:.s 

63.8 

3. 57 IE 02 
3.546E 02 
3.521H 02 
3.496E 02 
3.371E 02 
3. 496 E 02 

ICHHS 

AHPS 

* * *** ******* 
TSAHS DIODE 

LOSSES 

WISE 

(WATTS) 

CORE 

************ 
CAP AC TOTAL 

EPF 

I 

Err/HASS 

X/KG 

0.710 

0.845 

0.9B0 

1.116 

1.252 

1.389 

0.185 

0.263 

0.355 

0.462 

0.582 

0.717 

0*250 
0 «3 CO 
0,350 
0.400 
0.450 
0.500 

0.063 

0.090 

0.121 

0.158 

0.199 

0.245 

0. 103 
0. 103 
0. 103 
0. 103 
0.103' 
0. 103 

0.050 
0.071 
0.096 
0. 124 
0.157 
0.193 

C.653 

0.328 

1.026 

1.247 

1.491 

1.758 

63.9 

53.5 

53.2 

52.8 

52.3 

51.9 

3.502E 02 
3. 5892 02 
3 .575 E 02 
3.5592 02 
3.543E 02 
3.527E 02 

ICHHS 

AHPS 

************ 
TEAKS DIODE 

LOSSES 

HIKE 

(WATTS) 

COHE 

************ 
CAP AC TOTAL 

r;o 

"V 

EPF/BASS 

X/KG 

C. 659 
0.778 
G.898 
1.020 
1. 142 
1.264 

0.136 

o.i?i 

0.257 

0.332 

0.417 

0.513 

0 .250 
0.300 
0.350 
0 .400 
0.450 
0.500 

0.049 
0.069 
0.C93 
0. 120 
0.151 
0.186 

C. 154 
0. 15 4 
0. 154 
0. 154 
0. 154 
0. 154 

0.043 
0.0 60 
0.081 
0. 104 
0. 130 
0. 160 

0.633 

0.775 

0.934 

1.110 

1.303 

1.513 

= 4,0 
53.9 
53.7 
63.5 
53.2 
53.0 

3 • 6082 02 
3.604E 02 
3 ■ 5972 02 
3. 5882 02 
3.5782 02 
3.5672 02 

ICHHS 

AHPS 

***** ******* 

T5AHS DIODE 

LOSSES 

HIKE 

(WATTS) 

CORE 

************ 
CAP AC TOTAL 

EPF 

% 

EPF/HASS 

X/KG 

0.627 

0.733 

0.842 

0.951- 

1.062 

1.174 

0.107 

0.149 

0.198 

0.255 

0.320 

0.392 

0.250 

0.300 

0.350 

0.400 

0.450 

0.500 

0.041 
0.057 
0.076 
0.098 
0. 122 
0.150 

0.212 
' 0.212 
0.212 
0.212 
0. 212 
0.212 

C. 039 
0. 054 
0.071 
0.091 
0. 113 
0. 13B 

0.649 

0.772 

0.907 

1.056 

1.217 

1.392 

53.9 
64.0 

53.9 
53.8 
63.7 
53.5 

3.603E 02 
3.6052 02 
3.6032 02 
3.599E 02 
3.594E 02 
3.S87E 02 


V IH= 
pa 

WATTS 

10 , c 

12* D 

14.0 

16.0 

15.0 

20.0 


16.0 

ahbS 

8:18 

8:ljj 

1.16 

1.38 

IB 

AHPS 

T OH 
OSEC 

BP 

HAVE 

AHPS 

IIBHS 

ASPS 

ICHHS 

AHPS 

********$£** 
IEAHS DIODE 

LOSSES 

VISE 

(WATTS) 

.COBB 

************ 

CAPAC TOTAL 

EFF 

X 

1.92 

2.14 

2.36 

2.50 

2.80 

3.02 

62.1 
62. 1 
62.1 
62. 1 
62-1 
62.1 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

1.100 

1.320 

1.540 

1.760 

1.980 

2.200 

1.197 
1.402 
1.611 
1.822 
2.036 
2, 250 

0. 608 
0.703 
0.802 
0.902 
1.004 
1.106 

0.089 

0.122 

0.161 

0.206 

0.257 

0.315 

0.250 
0.363 
0.356 
0.460 
0.450 
0. 500 

0.036 
0 .049 
0.065 
0 . C 83 
0. 104 
0.127 

0.275 

0.275 

0.275 

0.275 

0.275 

0.275 

0.037 
0.C49 
0.064 
0.081 
0.101 
0. 122 

0.686 

0.795 

8.915 

1.045 

1.186 

1.338 

93.6 

92.8 
= 3.9 

93.9 
53.8 

53.7 


EFF/HASS 

X/KG 

3.590E 02 
3.S98E 02 
3. 60 IS 02 
3.C01E 02 
3.599E 02 
3.S96E 02 
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Z7ALSMICH rca DESIGH >0. 


SIZE 

so. 

27 


RAGHETICS 
55108 


AHHOLD 

A-1551B5 


no 


147. 


REACTOB 

IBEX 

so. a 


PATH 
LEHGTH 
8 


COHE 

VH.AKEA 

sg.n 


« 4 0 E- 0 « 1 . 130 E-O 1 9 . 180 E -00 6 . 2301-02 


1 IH- 6.0 

IX 
ahps 


PO 

VA7IS 

10-0 

12.0 

14.0 

16.0 

19 :8 


20 


7 IS* 
PO 

SAITS 

10.0 
12.0 
10 . 0 
16.0 

38:8 


2.02 

2.51 

3.01 

3.5C 

3.90 

0.09 


8.0 

IX 

ASPS 

1.30 

1.67 

2.05 

2.02 

2.80 

3.18 


IB 

XSPS 

2.91 

3.01 

3.90 

0.39 

0.89 

5.38 


IB 

ASPS 

M2 

2.80 

3.22 

3.60 

3.97 

0.35 


7 08 
USEC 

83.1 

83.1 

83.1 

83.1 

83.1 

83.1 


5 08 
OS EC 

77.8 
77.8 
77.8 
77. B 
77.8 
77.8 


FHEO 

KHZ 

10.00 

10.00 

10.00 
10.00 
10.00 
10.00 


FBEQ 

KHZ 

10.00 

10.00 

10.00 

10.00 

10.00 
10.00 


HATE 

ASPS 

2.467 
2.9 60 
3.953 
3.907 
O.UQO 
4.933 


IT17Z 

ASPS 

1.881 
2.257 
2.633 
3.010 
3.386 
3.7 62 


HESS 

ABES 

2.430 

2.971 

3.063 

3.955 

4.007 

4.S00 


IISHS 

AHPS 

1.911 

2.232 

2 . 655 

3. C23 
3.003 
3.777 


t IK- 10.0 


EO 

KATZS 

10.0 

12.0 

14.0 
16, Q 

18.0 

20.0 


IX _ 
XSPS 

0.85 

1.16 

1.47 

’•Is 

2.09 

2.0 0 


t IS- iz*o 


PD 

7 APIS 

10.0 

12.0 

14.0 

16.0 
18.0 
20.0 


IX 

AHES 

0.53 

-0.8G 

1.07 

1.30 

1.61 

1.38 


IB 

ASPS 

2.26 

2.58 

2.89 

3.20 

3.51 

3.82 


13 

ASPS 

2*17 

2.00 

2.71 

2.97 

3.20 

3.51 


T OH 
OSZC 

73.2 

73.2 

73.2 

73.2 

73.2 

73.2 


T OK . 
OSZC 

69.1 

69.1 

69.1 

69.1 

69.1 

69.1 


F3EQ 

KHZ 

10.00 

10.00 

10.00 

io.oo 

10.00 

10.00 


?HSQ 

K3Z 

10.00 
IQ. 00 
10.00 
10.00 
10.00 
10.00 


IIA7S 

AHES 

1.556 
1.367 
2. 178 
2.4 89 
2.800 
3.111 


IXA7E 

ASPS 

1.348 , 
1.618 
1.893 
2.158 
2.427 
11697 


IHD. 

HH 


SO 


BEACTOB 

lehgth/tubh 

A 


AUG 
13 0.465 

STACK 

height 

H 

1.490E-02 


HOG 

rxc 

0.156 

3EACTQH 

HASS 

KG 

2. 465E-01 


OSH 

RODE 


OP 

KOBE 


IE 

HU 

5.380 


IIBHS 

HAS 


1CBHS 

HXt 


ICSHS 

ASPS 

0.930 

1.110 

1.298 

1.483 

1.667 

1.851 


ICSHS 

ASPS 

0.797 

0.951 

1.105 

1.260 

1.415 

1.570 


XBAHS OIOOE 


LOSSES 
lilEE COSE 


HEACTOB 
UIHE LEK. 
H 

3.115E 00 


CAPAC TOTAL 


.940 1.851 


. R HACKS 
WISE RES. 
• OHHS 


2.0852*02 


0.511 

0.73# 

0.997 

1.300 

1.644 

2.028 


0.250 

0.300 

0.350 

0.900 

C.450 

0.500 


0.128 

0.134 

C.2SU 

0.326 

0.412 

0.509 


0.048 

0.048 

o.oua 

0.048 

0.048 

0.048 


0.087 
0. 124 
0,169 
0.220 
0.278 
0,343 


1.024 

1.390 

1.813 

2.294 

2.832 

3.426 


THAHS DIODE 


LOSSES (UATTSJ 
SISE COBZ 


CAPAC TOTAL 


0.284 
0.406 
0.549 
0 .715- 
0.901 
1.111 


0.250 

0.300 

0.350 

Q.UOO 

0.450 

0.500 


0.076 

0.109 

0.147 

0.191 

0.241 

0.297 


0.102 
0.102 
0 . 102 
0. 102 
C. 102 
0.102 


0.064 
0.090 
0. 122 
0 . 159 
0.200 
0.247 


0.776 

1.006 

1.270 

1.566 

1.895 

2.257 


EPF 

90.7 

89.6 

88.5 

87.5 

66.4 

85. 4 


92.8 
92.3 
91.7 
91.1 
90.5 

89.9 


EFF/HXSS 

X/KG 

3.679E 02 
3.635= 02 
3. 59 IE 02 
3.54BE 02 
3.50SE 02 
314635 02 


IIF/BASS 

5/KG 

3.764E 02 
3.742E 02 
3.719E 02 
3.695= 02 
3. 6702 02 
3.6453 02 


7 IH* 14.0 


EO 

EXITS 

10.0 

1Z.C 

14.0 

16.0 
18.0 
20.0 


IX 

AHPS 

0.29 

, al77 

1.01 

HI 


7 IK- 1 6.0 


EO 

SATIS 

10.0 

12.0 

14.0 

16. 0 
18.0 
20.0 


IX 

AHPS 

o. za 
0.32 
0.54 

°*I5 

0.90 

1.20 


IB 

ABES 

2.12 
2.36 
2.60 
2.84 
3. OB 
3.32 


IB 

AHPS 

2.10 

2.32 

2.54 

2.76 

2.98 

3.20 


T OK 
OSEC 

65.4 

65.4 

65.4 

65.4 

65.4 

65.4 


? OH 
OSEC 

62.1 
62.1 
62.1 
62.1 
62. 1 
62.1 


fhsq 

KHZ 

10.00 

10.00 

10.00 

10.00 

10.00 
10.00 


FHEQ 

KHZ 

10.00 

10.00 

10.00 

10.00 

10.00 
10.00 


HATE 

AHPS 

1.205 

1.946 

1.687 

1.923 

2.169 

2.410 


IS PBS 
AHPS 

1.608 
1.911 
2.216 
2.522 
2.330. 
3. 138 


IXPHS 

AHPS 

.1.429,' 

1.636 

1.946 

2.209 

2.473 

2.738 


IISHS 

XHP5 

1. 216 
1.540 
1.768 
1,999 
2.233 
2. #67 


ICSSS 

ASPS 

0.721 

0.853 

0.987 

1.122 

1.253 

1.394 


IC3BS 

ABES 

0.676 

0.792 

0. 911 

1. Q31 
1.152 
1.274 


ice as 

ABES 

0.652 
0.755 
0.860 
0.968 
1.077 
1. 188 


*.»*«*»***** 

THAHS DIODE 


LOSSES (WAITS) 

siaa cobe 


*•*««***—** 
CAPAC TOTAL 


0.189 
0 . 267 
0.359 
0.466 
0.586 
0.721 


0.250 
0.300 
0.350 
0.400 
0.450 
0 .SCO 


0.C54 
0.C76 
0. 102 
0,133 
0.167 
0.205 


0. 174 
0. 174 
0.174 
0.174 
0.174 
0.174 


0.052 
0. °73 
0.097 

0.12s 
a. 158 
0. 194 


C.719 

c.bso 

1 .083 
1.298 
1.535 
1.794 


***** ******* 

THAHS DIODE 


0.141 

0.196 

0.262 

0.337 

0.423 

0.51S 


C.25Q 

0.300 

0.350- 

0,400 

0.450 

0.500 


LOSSES 

WISE 

0.C43 

0.059 

0.279 

0.102 

0.127 

0.156 


(9ATTSI 

CO EE 

C. 260 
0.260 
0. 260 
0.260 
0.260 
0.260 


CAPAC TOTAL 


0.046 
0.063 
0.003 
0.105 
0.133 
0. 162 


0.739 

0.870 

1,033 

1.205 

1.392 

1.596 


EFE 

X 

93.3 

93.1 

92.8 
92.5 

92.1 

91.8 


'S 

S3. 1 
93.2 
93.1 
93. C 
92.0 
92.6 


E2F/HASS 

S/KG 

3.734E 02 
3.7762 02 
3.765E 02 
3 .7522 02 
3.738E 02 
3.7222 02 


E? P/HASS 
S/KG 

3.777E 02 
3.780= 02 
3.777= 02 
3.772= 02 
’.765= 02 
3.756S 02 


********—** LOSSES (BAITS) 
T2AHS DIODE SISE C08& 


a«**«**»»» — 

CAPAC TOTAL 


0.113 

0.155 

0.204 

0.261 

0.326 

0.398 


0.250 

0.300 

0.350 

0.400 

0.450 

0.500 


0.036 

0.049 

0.055 

0.033 

0.104 

0.127 


0.358 
0, 35a 
0.358 
0. 358 
0.-58 
0.358 


0.042 
0.057 
0.074 
0.094 
0. 116 
0.141 


c.799 

1.919 
1.051 
1 . 196 
1.354 
1.524 


EFF 

X 

92. e 

92.9 

93. C 
93.0 
93.0 
92-9 


IIA7S 

AHPS 

1.100 

1.320 

1.540 

11760 

1.980 

2.200 


HESS 

AHPS 

1.243 
1.44 1 

1.64 5 
1.053 
2.C63 
2.275 


ICSHS- 

AHPS 

0.641 
0.733 
C. 828 
0.925 
1.024 
1.125 


LOSSES (BAITS) 
TRAHS DIODE KIBE CORE 


0.096 

0.129 

0.160 

0.213 

0.264 

0.321 


0.250 

0.300 

0.350 

0.400 

0.450 

0.500 


0.C32 

0.143 

0.056 

0.072 

0.089 

0.108 


0.464 
C.464 
0. 464 
0.464 
0.464 
0.464 




EFF 

CAPAC 

TOTAL 

X 

0. Obi 

0.883 

91.9 

0.0 54 

0.990 

92.4 

0.068 

1.107 

92.7 

0.086 

1 . 23U 

92.8 

0.105 

1.372 

92.9 

0.127 

1.520 

92.9 


SPF/HASS 
. S/KG 

3.756E 02 
3.768E 02 

i.rm 31 

3.77-iE 02 
3.773= 02 
3.769E 02 


EPF/HASS 

X/EG 

3.7275 02 
3.7475 02 
3.7595 02 
J.766E 02 
3.769E 02 
3.7705 02 
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ITALOATICH FCR DESIGN NO. 


5IZE 

MO. 

20 


. MAGNETICS 
55030 


ASKOLD 

A-038201 


BE ACTOR 
SHEA 
SQ.M 


PATH 

length 

m 


core 

VN.AHEA 

SQ.M 


1.990E-04 1 .07OE-01 0.270B-00 


7 INi 

• PO 
SATIS 

10.0 
12.0 
10.0 
16, C 
10.0 
20.0 


7 ih= 

PO 

SATIS 

10.0 

12.0 

10.0 

16.0 

10.0 

20.0 


ita 

H 

AUG 

IND. 

mi 

UDG 

FAC 

DSH OP 

MODE MODE 

IB 

SAX 

IXRMS 

BAA 

I CRMS 
MAX 

1 125. 

05 

13- 

0.592 

0.313 

i 

i 

5-285 

0.937 

t.650 

B FACTOR 
LENGTH /TORN 
H 


stack 

REIG11T 

S 


REACTOR 

BASS 

KG 


, REACTOR 
UIHE LF.N. 
ft 


REACTOR 
•SIDE RES. 
QHns 


6.780E-Q2 


1.09OE-O2 


2.511E-01 


3.. 05 IE 00 


2.0U2E-02 



6.0 

IA 

AMPS 

2.12 
2.61 
3. 10 
3.6C 
O.GS 
0.5E 


8.0 

IA 

ASPS 

1.02 
1.80 
2.17 
2. 5 5 
2.9 3 
3.30 


V IH= 10.0 


PO 

SAITS 

10.0 
12.0 
10. 0 
16.0 
IB. 0 
20.0 


IA 

ASPS 

1.0C 

1.31 

1.62 

1.93 

2.20 

2.55 


1 IH= 12.0 


PO 

SATIS 

10.0 

12.0 

10.0 

16.0 

18.0 

20.0 


II 

ASPS 

C.71 

C.9S 

1.25 

1.S2 

1.76 

2.05 


7 IH= 10.0 


PO 

SATIS 

10.0 

12.0 

10.0 

16.0 

18.0 

20.0 


IA 

ASPS 

0.09 

0.73 

0.97 

1.21 

1.05 

1.69 


7 IH= 
PO 

SATIS 

10.0 
12. C 
10.0 
16.0 
10.0 
2C.0 


16.0 

IA 

ASPS 

0.3 1 
0.53 
0.75 
0.97 
1.19 
1.01 


IB 

AMPS 

T CH 
□SEC 

FREQ 

KHZ 

ITATE 

AMPS 

IXSSS 

AMF5 

ICRHS 

AMPS 

* *********** 
TRAHS DIODE 

LOSSES 

HIRE 

2.82 

3.31 

3.80 

0.30 

0.79 

5.28 

83.1 
83.1 
83.1 
83.1 
B3. 1 
83.1 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

2.067 
2.960 
3.0 53 
3.907 
0.000 
0.933 

2.075 

2.967 

3.459 

3.952 

4.445 

0.937 

0.928 

1.112 

1.297 

1.081 

1.666 

1.850 

0.509 0.250 
0.732 0.300 
0.995 0.350 
1.298 o.ooa 
1.602 0.050 
2.026 0.500 

0. 125 
0.180 
0. 200 
0.319 
0.403 
0.498 

IB 

ASPS 

T ON 
BSEC 

FREQ 

KHZ 

IXATE 

AMPS 

IXSSS 

AMES 

ICRHS 

ASPS 

xxxxxxxxxxxx 
THAHS DIODE 

LOSSES 

HIES 

2.30 

2.72 

3.09 

3.07 

3.85 

4.22 

77.8 

77.8 

77.8 

H- B 

77. B 
77.8 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

1.881 

2.257 

2.633 

3.010 

3.386 

3.762 

1.900 

2.273 

2.647 

3.021 

3.396 

3.771 

0.791 

0. 946 

1. 101 
1.256 
1.012 
1.567 

0.281 0.250 

0.002 0.300 

0.505 0.350 

0.711 0.000 

0.893- 0.050 
1.107 0.500 

0.070 
0. 105 
0. 103 
0.186 
0,23 6 
0.290 

IB 

ASPS 

T OH 
BSEC 

FREQ 

KHZ 

IXATE 

AMPS 

IXFMS 

AMPS 

ICRMS 

ASPS 

* xxxxxxxxxxx 

TRANS DIODE 

LCSSSS 

BIEE 

2.11--' 

2.02 

2.73 

3.05 

3.36 

3.67 

73.2 

73.2 

73.2 

73.2 

73.2 

73.2 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

1.556 
1. 867 
2.179 
2.489 
2. 800 
3.111 

1.538 

1.890 

2.201 

2.510 

2.818 

3.128* 

0.709 

0.843 

C.979 

1.115 

1.251 

1.388 

0.185 0.250 

0.263 0.300 

0.355 0.350 

0.061 0.000 
0.582 0.050 

0.716 0.500 

0.052 
0.C73 
0.099 
0. 129 
0.162 
0.200 

13 

AMPS 

T OH 
BSEC 

FREQ 

KHZ 

IXATE 

AMPS 

IXSSS 

AMES 

ICR as 
AMPS 

XXXXXXXXXXXX 

TEARS diode 

LOSSES 

HIES 

1.99 

2.26 

2.53 

2.80 

3.07 

3.30 

65.1 

69.1 
69.1 
69. 1 
69. 1 
69. 1 

10. GO 
10.00 
10.00 
10.00 
10.00 
10.00 

1.308 
1.618 
1.888 
2. 153 
2.027 
2.697 

1. 399 - 
1.660 
1.S20 

2. 139 
2.055 
2.722 

C.656 
0.776 
C. 896 

i.oia 

1.140 

1.263 

0.135 0.250 

0.190 0.300 

0.256 0.350 

0.331 0.400 ' 

0.417 0.450 

0.512 0.500 

O.COO 

0.056 

0.076 

G.C98 

0.123 

0.151 

IB 

AKP5 

T OS 
BSEC 

FREQ 

KHZ 

IXATE 

AMPS 

ITEMS 

AMPS 

ICRMS 

AMES 

xxxxxxxxxxxx LOSSES 
TRANS DIODE HI3E 

1.92 

2.17 

2.01 

2.65 

2.89 

3.13 

65.0 

65.0 

65.0 

65.0 

65.0 

65.0 

10.00 

10.00 

10.00 

10.00 

io.go 

10.00 

1.205 
1.006 
1.687 
1.928 
2. 169 
2.010 

1.275 

1.505 

1.737 

1.572 

2.209 

2.006 

0.623 
C.730 
0.839 
0.909 
1. 060 
1.172 

0.106 0.25C 

0.148 0.300 

0.198 0.350 

0.255 0.4C0 

0.319 0 .45C 

0.391 0.500 

0.033- 
0.C06 - 
0.062 
0.079 
0. 100 
0.122 

IB 

AMPS 

T OH 
BSEC 

FREQ 

KHZ 

IXATE 

AMPS 

IXBSS 

ASPS 

icrms . 

ASPS 

xxxxxxxxxxxx tosc ES | 
THAHS DIODE TIES ' 

1.89 

2.11 

2.33 

2.55 

2.77 

2.99 

62.1 
62. 1 
62. 1 
62.1 
62. 1 
62. 1 

10.00 

n.oo 

10.00 

10.00 

10.00 

10.00 

1.100 

1.320 

1.540 

1.760 

1.980 

2.200 

1.190 
1.396 
1 .606 
1.818 
2.032 
2.246 

0.603 
0.699 
0*798 
C. 398 
1.300 
1.103 

0.088 0.250 

0.121 0.300 

0.160 0.350 

0.205 0.400 

0.256 0.450 

0.314 0.500 

0.029 

0.040 

0.053 

0.067 

0.084 

0.103 


COBS 

0.027 
0. 027 
C. 027 
0.027 
0.027 
0.027 


(SAITS) 
CO BE 

0. C57 
0* CS7 
0. 057 
0.057 
0.C57 
0. 057 


************ 

CAPAC TCTAL 

EFP 

% 

EFF/MASS 

I/KG 

0.086 
0. 124 
0. 168 
0.219 
0.277 
0.342 

0.998 

1.362 

1.780 

2.260 

2.800 

3.390 

90.9 

09.8 

88.7 

87.6 

86.5 

85.5 

3.S21E 02 
J . 577 E 02 
3.533E 02 
3.4B9E 02 
3.407E 02 
3.**05E 02 

************ 

CAPAC TOTAL 

EPP 

X 

EFF/MASS 

1/KG 

0.063 
0.089 
0.121 
0.158 
0. 199 
0.246 

0.724 

0.954 

1.217 

1.512 

1.840 

2.200 

93.2 
92. 6 

92.0 

91.0 
90.7 

90.1 

3.710E 02 
3.689E 02 
3 , a60 2 02 
3.5392 02 
3.613E 02 
3.5882 02 


0.097 
0,097 
0. 097 
0. 097 
0. 097 
0.097 


(SAITS) 
CORE • 

0. 100 
0 . 100 
0. 100 
o. loo 
0.100 
0. 100 


O.OEO 
0.071 
0.096 
0. 120 
0.157 
0.193 


0.633 

o.aao 

0.996 

1.211 

1.007 

1.705 


«»**xxx*xxxx 

CAPAC TOTAL 


0.C03 
0.060 
0. 060 
0. ISO 
0.130 
0. 160 


(SAITS) 

CORE 

0. 190 
■ 0. 198 
0. 198 
0. 198 
0. 198 
0. 193 


CAPAC 

0.039 
0.053 
0. 070 
O.CSO 
0 . 112 
0. 137 


C.613 
0.751 
0. 906 
1.077 
1.260 
1.067 


TOTAL 


.626 

.706 

.873 

.022 

.179 

.309 


CORE CAPAC TOTAL 


0. 257 
C. 257 
0. 257 
0.257 
0. 257 
0.257 


0.036 
0.009 
0.060 
O.CC1 
0. ICO 
0.122 


0.660 

0.766 

0.383 

1.010 

1.107 

1.295 


EPF 

X 

90.0 
93.7 

93.0 
93.0 
92.6 
92. 1 


EFF 

X 

9o.: 
90. 3 
93.9 
93.7 
93.0 
93.2 


IFF 

X 

90. 1 
90. 1 
90. 1 
90. C 
93.9 
93.7 


EFF 

93.3 
90.0 
90. 1 
94. 1 
90.0 
93.9 


IXXXXXXXXXXXX 

MKO.iIStK 




EFF/KAS3 

X/KG 

3.706E 02 
3.733E OZ 
3.713E 02 
J.703E 02 
3.686E 02 
3.67QE 02 


EFF/SASS 

I/KG 

3.7S3E 02 
3.70BE 02 
3.701E 32 
3.732E 02 
3* 72 IE 02 
3. 71 IE 02 


EF P/HASS 
S/KG 

3.708E 02 
3.750E 02 
3.748E 02 
3.744E 02 
3.738E 02 
3.731E 02 


EFF/MASS 

I/KG 

3.736E 02 
3.700E 02 
3.746E 02 
3.706E 02 
3.740 E 02 
3. 70 IE 02 


»x x mm m m mmmm 
ixxuxxxXxxx 


reproducibiljtx of rrrv 
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5.U SAMPLE PROGRAM #3 — PROGRAM DC1DC 


Note from the results of Sample Program §2 that core size 
number 24 is the smallest usable size even in a two core stack. 

To use core sise #23 with a relative permeability of 125.0 in a 
design which will operate in Mode 1 (continuous conduction mode) 
over the entire design ran 6 e. Sample Program #3 uses Procedure 
DSK2 of Program DC1DC to compute a design using core size S 23 in 
a three core stack. Again, the minimum flag density is set equal 
to 0.011 tesla to insure that only a Mode 1 design will be pro- 
duced. All other design specifications will remain the same as 
those used in Sample Program #1. If the program cannot produce 
a design which meets the constraints using the core size and 
stack height indicated, a message to this effect will be printed 
out instead of a design* 


5.U.1 Control Cards --Sample Program #3 (Program DC1DC) 

The control cards for Sample Program #3 are shown below 
Sections 3. 1-3. 6 give instructions for preparing these cards 


FQUB HP BSHfi 1 

24 «. 6 > 1 6 . 10 . 
1,0 10. .60 ,1 
23 125. 3 

0 



0 1 .0 1 1 .36 .4 1 


2 5. 067E-07 HEi W 


1 


)« 1 0 0 0 00 0 D 0 0 01 0 0 0 0 0 0 0 0 0 1 0 1 0 1 >00 JO UIJ JJ1J ' SI! ° »°» SUllUSlU!'!"'* 

nl . . . . U m I Ml . . . m m I m 1 1 m i . 
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5.4.2 Results of Sample Program #3 — Program DC1DC 

The results of Sample Program #3 are given on the following 
page. Note from the last column under "Converter Specifications" 
that the number of cores, or stack height, is equal to three. 
Program DC1DC was able to produce a design using core size #23 
in a three core stack. This design operates in Mode 1 (contin- 
uous conduction mode) over its entire design range as can be 
seen from' the "OP MODS" column of the print out. Note that the 
program has taken the integer core size number which was entered 
as a oart of the design specifications and related it to the 
manufacturers’ core numbers form the core catalog. Also, in 
addition to the design information, an evaluation of the design 
was produced automatically. 


T~ 








U is V 
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REPRODUOIBfLJTy OF THB 1 
ORIGINAL PAGE IS POOR 
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• roOD— C0HS7AHT FRIO TCLTAGI STEP-OP/CHEHEHT STSP-OF CO H TIB TER DEStGlt 

I/O IS YCLTS, 1HPESIS, BATTS, TESLAS, BICBOSIC, KBSj OHBS 


CQHSEBTEE SPECIFICATIOHS 


1.00 10. oe 


RSSICBAL 

1.00CE-02 


BIRD 
T ACTOR 


.100E-Q2 3.600E-C1 


TIER TTPE« BEAT 


BIS. STHASDS- 


HICIPBOCAL COHBEST EIMSITT- 5.067E-C7 SQ.8/A3E 


EZSICK IT ALU ATIOH 

■)***<)**«**« .»***.**.****• .****. .***.*. <,»*♦*.***«*..*.. *.******»*.. *******•**«***•*■«»*•■■*****»»* ■*#**.. 

*******»***»*»**»*«*«*«»» **«****««*«■«**«*«*»*»»«*»*»»***»«*«*»******* *»«***»*»***•»*«*»*«»*»•»»»**»»*«»*«*»»•«*•*****«* 


ZT1LDATI0H FCS DESIG5 SO. 
SIZE H1GXETICS 


1-324117 


H 

IUG 

IHD. 

WDG 

DSH 

OP 

IB 

II3KS 

ICSHS 


EH 

rac 

BODE 

BODE 

BAX 

BAX 

BAX 

37 

13 

0.4B7 

C..301 

1 

1 

5.360 

4.939 

1.851 


BilCSOE 
AREA 
SO. B 


PATH 

L2HGTH 

B 


COBS 
as. AREA 

so. a 


REACTOR 

12BGTH/TBBH 

B 


STACK 

HEIGHT 

B 


BEACIOB 

HASS 

SG 


BEACIOB 
BIHE LEB. 
B 


2.0341-04 

8.S80E-02 

3.6442-04 

8 

.8602-02 

3. 

■ 390E-02 


2.3C2E- 

■01 

3.278E 00 

r IS* 

6.0 


•i: 











FO 

IA 

IB 

T ON 

FHEQ 

I3CA7S 

IIHHS 

ICSHS 

X«*X*X*XXV** 

LOSSES 

(SATTS) 


SAITS 

AHPS 

AHPS 

USEC 

KHZ 

AHPS 

AH 85 

AHPS 

TEANS 

DIODE 

WI32 

COSE 

CAP AC 

TOTAL 

10. 0 

2.05 

2.89 

83.1 

10.00 

2.467 

2.479- 

0.930 

0.511 

0.250 

0.135 

0.038 

0.066 

1.020 

12. 0 

2lS3 

3.39 

03.1 

10.00 

2.960 

2.970 

1.114 

0.733 

0.30S 

0.194 

0.038 

0. 124 

1.388 

m.o 

3.03 

3.89 

33 . 1 

10.00 

3.453 

3.362 

1.298 

0.995 

0.35)3 

0 * 263 

0.038 

0. 168 

1.815 

16.0 

3. 52 

5.37 

83.1 

10.00 

3.957 

3.554 

1.482 

1.300 

0. 40C 

0.343 

0.038 

0. 220 

2. 300 

18.0 

5.01 

a. 87 

83. 1 

10.00 

4.440 

4.347 

1.667 

1.643 

G. 450 

a. 43u 

0.038 

0. 278 

2.843 

20 . a 

4.5 1 

5.36 

83.1 

10.00 

4.933 

4.539 

1.851 

2.028 

0 . SCO 

0.535 

0.038 _ 

0.343 

3.443 

r ih* 

e.o 





w . 



■ 





FO 

’ IA 

IB 

T ON 

FEES 

IIA72 

IIFRS 

ICHHS 

«**X* ******* 

LOSSES 

(WATTS) 


SATIS 

AHPS 

AHPS 

USZC 

KHZ 

AHPS 

AHFS 

AHPS 

TSARS 

DIODE 

WISE 

COBH 

CAE AC 

TOTAL 

IQ- o 

1.32 

2 .aa 

77.8 

10.00 

1.881 

1.908 

0.796 

0.284 

0.250 

0. 280 

0.079 

0.063 

0.756 

12.0 

1.7G 

2.82 

77. B 

10.00 

2.257 

2.2SO 

C.9S0 

0.405 

0.300 

0.114 

□ . 079 

0.Q90 

0,980 

19.0 

2.07 

3.19 

77.8 

10. OD 

2.633 

2.653 

1. 104 

0.548 

0. 350 

0.154 

0.079 

0.122 

1.254 

16. Q 

2. 4 5 

3.57 

77.8 

10.00 

3.010 

3.C27 

1 .259 

0.713 

O.UCO 

a - 20 i 

0.079 

0. 169 

1.552 

IQ. 0 

2. 8 3 

3.95 

77.3 

10.00 

3.386 

3.301 

1.414 

0.900 

0.450 

0.254 

a. 079 

0.2Q0 

1.884 

20.0 

3.20 

4.32 

77.8 

10.00 

3.762 

3.776 

■ 1.570 

1.110 

0.500 

0.313 

0. 079 

0.246 

2.248 


BEACTCB 
SIRE BES. 
□BBS 

2.194E-02 


EFF/BASS 

A/KG 

3,9422 02 
3.393E 02 
3 ■ 3452 02 
3.798E 02 
3.751E 02 
3.7062 02 


EPF/HASS 
S/KG j 

4.038B 02 
4.313S 02 
3.5B7E 02 • 
3.9S9E 02 ' 
3. 9322 02 I 
3. ROSE 02 I 


FO 

WATTS 

IA 

laps 

IB 

AHPS 

T OK 
DSEC 

P5SQ 

KHZ 

IX ATE 
ABPS 

IX PBS 
ABPS 

ICBHS 

AHPS 

TEARS DIODE 

LOSSES 

VI32 

(WATTS) 

CORE 

************* 
CAPAC TOTAL 

V9Y 

"j 

EFE/BASS 

5/KG 

10.0 

12.0 

14.0 

16.0 
la. a 
20.0 

0.8 8 
1.19 
1.50 
1.8 1 
2.12 
2.4 3 

2.23 

2.54 

2.85 

3.17 

3.48 

3.79 

73.2 

73.2 

73.2 

73.2 
73.2 
73.2 

10.00 

10.00 

10.00 

10.00 

10,00 

10.00 

1.556 
1.067 
2. 173 
2.489 
2.800 
3.111 

1.604 
1.507 
2.213 
2.519 
2.527 
3. 136 

9.718 
0.851 
0 . 985 
1.121 
1.256 
1.392 . 

0.188 

0.266 

0.358 

0.455 

0.585 

0.720 

0.250 

0.300 

0.350 

0.400 

0.453 

0.500 

0.056 
O.C0O 
0. 107 
0. 139 
0.175 
0.216 

0. 135 
0. 135 
0. 135 
0. 135 
0. 135 
0.135 

0.052 
0.072 
0.097 
0. 125 
0.158 
0. 194 

C.681 

0.854 

1.048 

1.265 

1.503 

1.765 

93.6 
93.4 
53.0 

92.7 
92.3 
91.9 

4.066E 02 
4. 0552 02 
4. 04 IE 02 
4.92SE 02 : 
4.C09E 02 i 
3 • 99 IE 02 

T IH= 

12.0 















FO 

SATTS 

IA 

AHPS 

13 

AHPS 

OH 

■/SEC 

?HEQ 

KHZ 

IX1YE 

ABPS 

HESS 

AHFS 

rcaHs 

AHPS 

************ 

TRANS DIODE 

LOSSES 

WI32 

(WATTS) 

CORE 

CAPAC TCTAL 

EPP 

j. 

EFF/HASS | 
S/KG 

12:8 

18.0 

20.0 

0.57 
0.8 4 
1.11 
1.38 
1.65 
1.92 

2.13 

2.40 

2.67 

2.94 

3.21 

3.48 

19.1 
0 3.1 

69.1 
69.1 
69. 1 
69.1 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

1.343 
1.619 
1.883 
2. 153 
2.4 27 
2.697 

1.822 

1.680 

1.741 

2.204 

2.869 

2.739 

0.672 

0.789 

0.908 

1.028 

1.149 

1.271 

0.140 

0.195 

0.260 

0.336 

0.421 

0.517 

C.2S0 

0.300 

0.350 

0.400 

0.450 

0.500 

0.944 

0.362 

0.033 

0.107 

0.134 

0.164 

0. 202 
-0.202 
0. 202 
0.202 
0.202 
0.202 

0.045 
0.C62 
G.C92 
0.106 
0.132 
0. 162 

0.6 B 1 
0.821 
0. 978 
1.150 
1.339 
1.544 

93.6 
93.6 
93. S 
93.3 
93.1 
52.8 

4.0662 02 
4.C65E 02 ! 
4.0602 02 i 
4.052E 02 1 
4.04JE 02 ! 
4.032E 02 


' EX- 

14.0 




PO 

IA 

13 

T OH 

FREQ 

SATTS 

AHPS 

ABPS 

OS EC 

KBS 

10.0 

0.33 

2.08 

65.4 

10.00 

12.0 

0.57 

2.32 

65.4 

10,00 

1S.0 

0.31 

2.56 

65.4 

10.00 

16.0 

1.06 

2.80 

65.4 

10.00 

18.0 

1.3C 

3.04 

65.4 

10.00 

20.0 

1.54 

3.2B 

65.4 

10.00 

r I*. 

16.0 

, 



PO 

IA 

IB 

T OH 

FHEO 

SATTS 

AHPS 

ABPS 

OS EC 

KHZ 


••«*»***.*•• 


AHPS 

TBAHS 

DIODE 

BIHE 

cafiE 

0.645 

0.112 

0.250 

0.037 

0.27B 

0.749 

0.153 

0.300 

0.051 

0.270 

0.855 

0.203 

0.350 

0.C68 

0.278 

Q.964 

0.260 

0.400 

P.C07 

0.273 

1.073 

0.324 

0.450 

0.109 

0. 270 

1.1B4 

0.397 

0.50Q 

0.133 

0. 278 

ICRHS 


tcsszs 

(WATTS) 

AHPS 

TRANS 

DIODE 

WISH 

CORE 


CAPAC TOTAL 


0.042 0.719 

0.056 0.839 


0.250 0.03 

8.309 0.C4 


0.166 0.350 

0.211 O.UQC 
0.262 0.460 

0.320 0.500 


300 O.C4§ 

150 0.059 

4 00 0.175 

4 ,0 0.093 

500 0.113 


COBB CAPAC TOTAL 

0.361 0.040 0.778 

0.361 0.051 0. 886 

0.361 0.067 1.003 


0.125 1.419 


If P/HASS i 
S/KG j 

4.052E 02 ;i 
4 • 060 E 02 J 
4.961E 02:; 
4.9602 02 
4.0562 02 
4. OBOE 02 = 


IFF/NASS 

S/KG 

4.030E 02 : 
4.0452 02 . 
4.C53E Q2,.‘ 
4.057 2 02). 
4,0572 02 
4.C56E 02 


!> L p 

M ?\L 


5.5 SAMPLE PROGRAM #4— PROGRAM DC1DC 


Now assume that by some criteria it is decided that the 
design produced in Sample Program #3 is close to the desired 
result for a single-winding design. However, there is available 
from a different manufacturer a core with slightly different dim- 
ensions from core size #23. Also, this core has a relative 
permeability value of 128. Sample Program #4 uses Procedure DSN2 
of Program DG1DC to produce a design for this new core size and 
relative permeability using a three core stack to see if any 
changes in number of turns or wire size must be made due to the 
change in core. Also, since AWG #13 wire is fairly stiff, it is 
decided to use two strands of smaller wire to make winding easier 
Assume that the dimensions of the new core size are as follows: 


Cross-Sectional Area 

7.00 * 10“ 5 

2 

m 

Mean Magnetic Path Length 

9.00 * io ’ 2 

m 

Window Area 

3. TOli * IO"* 1 

m 

Length/Turn of Wire (40$ Wdg. Factor) 

4,50 * 10 -2 

m 


-2 


Height 

1.15 * 10 

m 

Mass 

5.50 * 10~ 2 

kg 


The relative permeability 
value of 125.0. Thus, if 
entered, the program will 
catalog value of 125*0. 


value of 128.0 is close to the catalog 
no loss-coefficient information is 
use the loss coefficients- -for the 
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5.5.1 Control Cards— Sample Prosram Ik (Program 
The control cards for Sample Program lb are 
Sections 3. 1-3. 6 give instructions for preparing 


DC1DC) 
shovn below, 
these cards . 


FQUh HP DSH 
34.. 

1.0 10 . 

7..00E-S 

133. 


2 1 
16. . 10. 
,30 .1 

2. 2. 

20. 10. .01 .011 

.36 .4 

1 2 5.067E-0? HEftV 

*- 

3 

3. 00b -3 

3.704E-4 4.50E-2 

1.15E-2 

5.50E-2 



0 


a « o l o l a o a o o H o « o c • o n o « 9 o n t o o » o o o « « » * ! J J • • J • J J J | JUJUJil I 1 

;;;;;;;; \‘ " ” m r; n “ ” >T ” m m 


5.5.2 Results of Sample Program #4-Program DC1DC 

The results of Sample Program Ik are given on the next page. 
Rote that the change in core dimensions and permeability did not 
onange the number of turns for the design. However, by using 
two strands of wire, the wire site has been reduced to JLVG II 6. 

By comparing the results to those of Sample Program #3, slight 

hp note d in the evaluation portion of the print 
differences can he nouea m 

out. por example, the ef f icieucy/mass is slightly less in Sample 
Program Ik.- However, basically the same design and performance 
is found in both cases except for the number cf strands cf wire. 
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<<*•*•0**** »♦•*«♦«**•***#•***»**♦«•«**•••»*« «•**«**« »«•♦••*•• •*•«♦***•**•«*• *»****«•***•*•••*•»•*•*»*«•*•♦•*•»« * 

PQUO CONST MiT FREQ VCLTAGE STEF-UP/CORR EHT STEP-GF CONVERTER DESIGH 

• I/O IB VOLTS, AAPERES, VATTS, TESLES, BICROSEC, KHZ, OHHS 

* 


COHYERTEE SPECIFICATIONS 


T Y IN V IH P OUT P OBT 

ODT MIN BEE HIR BAX 


Y 

SET 


I 

CELL. 


» CEP 
DIODE ESR 


CCNY 

FREQ 


B 

HIH 


B 

BEX 


UIKD KC. 

P ACTOR COSES 


RESIBOEL 

2K.0 6.C 16.0 10.0 . 20.0 1.00 10. OC 0.60 0.10 10.0 1.00CE-02 1.100E-02 3.600E-01 0.U0 j 

«*««** Y*»»******»*******«*****»***********’***** 4 *****®*******************'*********** ♦***«**»********»******* T »******* , ‘** 

WIRE TIPE= HEEY HIM. STRANDS 3 2 RECIPnOCEL CURRENT EEHSITI= 5.067E-07 SQ-H/ASE 

..a,,,,,,,,, , ,*,,a**aa*aa*a* **•»*,„*****»* ***» 3 «**** 3 «**** 3 *+ ********************** ************************** ********** 
»**«*«*** ♦♦«»*,**«««***•**»*»»•**•*♦ *»*»*****«****» 3 ******** ***•*******«*************"**•* *•********»««•»*»»•***•****** 


DESIGN EYELUETIOH 

, ,»„*».«***, • *-.** <t at»***.»:«*«***«»***»**********»«l».***»**»**********»»«******‘********»** , ****** ,, ** , ****** : * = **** : ** *“*■*“ ******** 

EYILDATICH E0B DESIGN HO. 0 


SIZE 

HO. 


33 


SIRE SIZE NOT EY AIL ABLE OS MULTIPLE 

STEEBDS 

SPECIFIED, 

2 STRANDS 

tJSSD 






CORE HOT IH CATALOG 

an 

s 

AWG 

IHD. 

BH 

SDG 

FAC 

DSH 

BODE 

OP 

BOOS 

IB 

BAX 

IXE5S 

BAX 

ICE5S 

BAX 


128. 

37 

16 

•0.514 

o«aoa 

1 

1 

5.338 

4.939 

’ 1.851 


BEECTOH 
AREA 
SC. a 

2.100E-04 


PATH 

LENGTH 

a 

9.000E-02 


CORE 
VH. AREA 

sg.a 

3.704E-04 


REACTOR 

LEHGTH/TDHH 

a 

9.100E-02 


STACK 

HEIGHT 

H 

3.450E-C2 


REACTOR 

BASS 

KG 

2. 409 E— 01 


REACTOR 
SIRE LEH. 
B 

3.367E 00 


RE1CTCE 
SIRE EES. 
OHHS 

2-264 S— 02 


V IH* 


6.0 


PO 

SATTS 

IA 

AHPS 

IB 

AMPS 

T OH 
OSEC 

FBEQ 

KHZ 

HAVE 

AHPS 

IXBHS 
AHPS . 

ICRH5 

AHPS 

************ 
THABS DIODE 

LOSSES 

bihe 

(WATTS) 

CORE 

************ 
CAP AC TOTAL 

EFF 

S 

EE E/M ASS 

i/KG 

10.0 

12.0 

14.0 

16.0 
18.0 
20.0 

2.06 
2.56 
3.05 
3.54 
4.04 
4. S3 

2.87 
3.36 
3.86 
4.35 
4. 84 
5.34 

83.1 
83.1 
83. 1 
83.1 
83. 1 
83.1 

10.00 
10.00 
10. 00 
10.00 
10,00 
10.00 

2.467 

2.960 

3.453 

3.947 

4.440 

4.933 

2.478 
2. 559 
3.461 
3.554 
4.446 
4,339 

0.929 

1.113 

1.297 

1.462 

1.666 

1.851 

0.510 

0.733 

0.996 

1.299 

1.643 

2.027 

0.250 

0.300 

0.350 

O.UOO 

G.ttSO 

0.500 

0. 139 
0.200 
0.271 
0.354 
0.448 
0.552 

0.036 
0.036 
0.036 
a. 036 
0.036 
0.036 * 

0.C86 
0.124 
0. 168 
0.220 
0.278 
0.343 

1 .021 
1.392 
1.821 
2.308 
2.854 
3.458 

90.7 

89.6 

85.5 

57.4 
86.2 

65.5 

2.7662 02 
3.720E 02 
2.573E 02 
2 . 52 BE 02 
3.583E 02 
5.539E 02 

Y IN* 

e.o 















PO 

SATIS 

IA 

EBPS 

IB 

AttPS 

T ON 
OS sc 

FBEQ 

KHZ 

HAYS 

AHPS 

IXHHS 

ABES 

ICHHS 

AMPS 

************** 
TSAHS DIODE 

LOSSES 

WISE 

(BEITS) 

COSE 

************ 

CAPAC TOTAL 

EFF 

S 

if F/HASS 
5/KG 

10.0 

12.0 

14.0 

16. a 

18.0 
20.0 

1.3S 
1.73 
2.10 
2.4 8 
2.8 6 
3.22 

2,41 

2.79 

3.16 

3.54 

3.92 

4.29 

77.8 

77.8 

77.8 

77.8 

77.8 

77.8 

10.00 

10.00 

10,00 

10.00 

10.00 

10.00 

1.881 

2.257 

2.633 

3.010 

3.365 

3.762 

1.506 

2.278 

2. 651 

3. C25 
3.400 
3.774 

0.794 

C.948 

1.103 

1.258 

1.413 

1.569 

0.283 

0.404 

0.547 

0.712 

0.900 

1.109 

0.2SC 

0.300 

C.350 

0.400 

0.450 

0.500 

0 .032 
0.117 
0.159 
0.207 
0.262 
0.323 

0.075 
0.075 
0.075 
0.075 
0.075 
0. 075 

0.063 
0.090 
0.122 
0. 156 
0.200 
0.246 

0.753 

G.9B7 

1.253 
1.553 
1.896 

2.253 

93.0 

92.4 
91 .8 
91.2 

90.5 
S3. 9 

3 • 360E 02 
3 . B36E 02 
3* 5 1 QE 02 
3.764E 02 
3.057E 02 
3 .73 IE 3 2 

Y IH= 

10.0 















PO 

WATTS 

IA 

AHPS 

IB 

AHPS 

T ON 
USEC 

PHEQ 

KHZ 

IXAYE 

AHPS 

IIPHS 

AMPS 

ICHHS 

IMPS 

****** 

TRAHS 

****** 

DIODE 

LOSSES 

WISE 

(WATTS) 

CORE 

************ 
CAPAC TOTAL 

EFF 

S 

HE?/ MASS 

5/KG 

10.0 

12.0 

14.0 

16.0 
18.0 
20.0 

0.91 
1.23 
1.54 
1.85 
2. 16 
2.4 7 

2.20 
2.51 
2.32 
3. 13 
3.44 

3.75 

73.2 

73.2 

73.2 

73.2 

73.2 

73.2 

10. GO 
10.00 
10.00 
10.00 
10.00 
10.00 

1.556 

1.867 

2.178 

2.469 

2.800 

3.111 

1.599 

1.503 

2.209 

2.516 

2.524 

3.133 

0.71 5 

0.849 

0.983 

1.119 

1.255 - 

1.391 

0.187 
0.265 
0.357 
0.U64 
0 * 584 
0.719 

0.250 

0.300 

0.350 

0.400 

0.450 

0.500 

0.058 
0 • 082 
0.111 
0. 143 
0.181 
0.222 

0.128 
0. 128 
0. 128 
0. 128 
0. 128 
0.128 

0.051 
0.072 
0.097 
0.125 
0. 157 
0. 193 

0.674 
0.847 
1.042 
1.260 
1 .500 
1.762 

93.7 
93.4 
93.1 

92.7 
92.3 
91.9 

3.3S9E 02 
2. 577E 02 
3. 563E 02 
3 . 54 BE 02 
J. S32E 02 
3.815E 02 

Y IH* 

12.0 















PO 

WATTS 

IA 

AHPS 

IB 

AHPS 

T OH 
OSEC 

FBEQ 

KHZ 

IXAYE 

AHPS 

IX2MS 

AHPS 

ICHHS 

AHPS 

TRASS DIODE 

LOSSES 

WISE 

(WATTS) 

COBB 

************ 

CAPAC TOTAL 

EFF 

% 

EFF/HAS5 

S/KG 

10.0 

-12.C 

14.0 

16.0 
18.0 
20.0 

0.61 
£.88 
1.1 = 
1.42 
1.69 
1.96 

2.09 

2.36 

2.63 

2.90 

3.17 

3.44 

69. 1 
69.1 
69. 1 
69.1 
69. 1 
69. 1 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

1.348 
1.619 
1.888 
2. 158 
2.427 
2.697 

1.414 
1. 574 
1.936 
2.199 
2.665 
2.731 

0.667 

0.785 

0.904 

1.025 

1.146 

1.269 

0.138 

0.194 

0.259 

0.334 

0.420 

0.515 

0.250 

0.300 

0.350 

0.400 

0.450 

0.500 

0.045 
0.063 
0,085 
0.110 
C. 138 
0. 169 

•c. 191 
0. 191 
0. 191 
0. 191 
0.191 
0.191 

0.044 
0.062 
0.082 
Q. 105 
0.131 
0. 161 

0.669 
0.8 10 
0.967 
1.140 
1.333 
1.536 

93.7 

93.7 

93.5 

93.3 

93.1 

92.9 

3.291E 02 
3.389E 92 
3.583E 02 
3.87SE 92 
3.655E 02 
3.85SE 02 


V IH* 14.0 


PO 

SATTS 

10.0 

12.0 

14.0 

16.fi 

la.o 

20.0 


IA 

EHFS 

0. 3E 
0.62 
0.8 6 

1. 10 
1.34 
1.58 


IB 

ASPS 

2.03 

2.27 

2.61 

2.76 

3.00 

3.24 


T OH 
OSEC 

65.4 

65.4 

65.4 

65.4 

65.4 

65.4 


FREO 

KHZ 

10.00 

10.00 

13:38 

10.00 

10.00 


IIAYE 

AHPS 

1.205 

1.446 

1.607 

1.920 

2.169 

2.410 


IXEMS 

ABES 

1.296 

1.523 

1.754 

1.507 

i:II4 


ICHHS 

ABPS 

0.630 

0.743 

0.850 

0.959 

1,059 

i.iao 


************ LOSSES (SETTS) 
TREKS DIODE VIBE CORE 


0.110 

0.152 

0.201 

0.250 

0.323 

0.395 


0.250 

0.300 

0.350 

0.400 

0.450 

0.S00 


0.030 

0.053 

0.070 

0.089 

0.112 

0.137 


0.263 
0.263 
0.263 
0. 263 
0. 263 
0.263 


************ 

CAP AC TOTAL 


0.041 
0.055 
0.072 
0.092 
0.114 
0. 139 


0.702 
0.822 
0.956 
1.102 
1.262 
1.4 34 


EPF 

% 

93.4 

93.6 

93.6 

93.6 

93.4 

93.3 


EFF/HESS 

J/KG 

3 , 079 E 02 
3.835E 02 
3 . 0 86 E 02 
3.393E 02 
3 ■ 079 E 02 
3.073B 02 



'16.0 

IE 

EBPS 

0.19 

0.41 

0.63 

0.05 

' 2! 


1:83 


IB 

AMPS 

2.01 

2.23 

2,45 

2.67 

2.09 

3.11 


T OB 
□SEC 

62.1 
62. 1 
62. 1 
62. 1 
62. 1 
62. 1 


PHP.Q 

KHZ 

10.00 

10.00 

18:38 

lO.go 

10.00 


HAVE 

AMPS 

i.loo 

1.320 
1 . 50Q 
1.700 

2.20(5 


IX BBS 
EHFS 

1.21R 
1.420 
1.027 
1.016 
Z.;4H 
2. 261 


ICBBS 

ABPS 

C. 623 
0.717 
0.014 
0.013 

l: 953 


115 


TRANS DIODE 

0.092 0,250 

0.125 0 . 300 

0.164 0.J60 

0.200 0.400 

0.261 0.450 

0.318 0.500 


LOSSES 

WIRE 


(SAITS) 

CORE 


*****•*«»•** 

CEPAC TOTAL 


0.034 0. 341 0.039 0.756 


g.04 6. 


060 

076 

095 

116 


jj 

0.341 


0.051 

5. 066 

g.c>u 

0. 103 
0. 124 


0.863 
C.9H1 
1.110 
1.249 
1 . 399 


EFF 

S 

93.0 

93.3 

93.4 
9). 5 

93. 5 


EFF/HESS 

I/KG 

3.659E 02 
3.072E 02 
3.074E 02 
3.0B2E 0 2 
3.002E 02 
J.880E 02 
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5 . 6 SAMPLE PROGRAM #5 — PROGRAM DC1DC 

Sample Program #5 evaluates the reactor element design produced 
in Sample Program // 4 under a different set of operating conditions. 

A reactor element design for a single-winding voltage step-up /current 
step-up converter has been produced. From the design specifications 
it can be seen that this converter has been designed for voltage step-up 
operation since the specified output voltage of 24.0 volts is greater 
than the maximum input voltage of 16.0 volts. To determine how the design 
will perform when the controller is changed to regulate the output at 
5.0 volts, Procedure EVAL of Program DC1DC is used. On the Design Spec- 
ification Card, the output voltage is set equal to 5.0 volts. All of 
the other parameters will remain the same and the completed design will 
be entered on the EVAL card. Note that since we are requesting an eval- 
uation rather than a design, the minimum and maximum flux density spec- 
ifications, the maximum winding factor, and the reciprocal current 
density specification are not needed. Thus, it is not necessary to 
enter these parameters on the Design Specification Card when using Pro- 
cedure EVAL. 

5.61 Control Cards — Sample Program #5 (Program DC1DC) 

The Control Cards for Sample Program #5 are given below. Sections 


3. 1-3. 6 give instructions for preparing these cards. 
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FQUIi HP EVAL 1 2* 2.. 

5. 6, 16. 10. 20. 10.. 

1.0 10. .60 .1 

3 3? 16 

? .. 0 UE-5 9 . 0 OE-2 3 » ? 04E-4 

lay. 

u 


7o r 


4 . 5 OE-2 1 . 1 5E-2 5 . 5 OE-2 


HEAV 
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5.6.2 Results of Sample Program #5 — Program DC1DC 

The results of Sample Program #5 are given on the next page. Nate 

that the converter operates in Mode 1 (continuous conduction mode) over 

its entire operating range. However, the peak value of the reactor 

current, IB, is about 60% higher than in. Sample. Program #4. The same is 

true for the values of all the currents given in the evaluation. Thus, 

if the converter is used under these operating conditions as well as under 

those of the original problem, it will be necessary to use a larger wire 

-7 2. 

size if the reciprocal current density specification of 5.067 * 10 m /A 
is to he met. Also, the maximum operating flux density, given by 

B - (N/lOpIB 

tn3.x iB c i x 

w h ere N « Number of Turns 

H = Mean Magnetic Path Length 

p = Permeability 

IB = Peak Value of Reactor Current 

max 

should be checked to determine whether or not this value exceeds the 
saturation flux density of the magnetic material. For this case, the 


maximum operating flux density would be approximately 0.578 tesla. 

Note also that the increase in current values has led to increased 
losses in the transistor, diode, wire and capacitor. The core loss has 
decreased due to the fact that the total flux density excursion given 


has decreased by about 40%. Since total core loss as given by Legg's 
equation (see Section 1.2.3) is directly to the flux density excursion, 
the core loss varies directly with this excursion. The increase in total 
power loss over that of Sample Program U can also be noted in the de- 
creased efficiency in Sample Program #5. Thus, this single-winding 
reactor design will work for an output voltage of 5.0 volts, but not as 
well as for the design output voltage of 24.0 volts. 
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n 
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a 


KG 
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9.000E-02 

3.704E— 04 9 

. 100E-02 

3 

I.950E-02 


2.409E- 

01 

3.367E CO 

2.264 

IE-02 

V IN= 

6.0 















PO 

IA 

IB 

T ON 

FHEQ IXITE 

II5HS 

ICHHS 

************ 

LOSSES 

(HITTS) 

**£******>** 

T? © 

EEr/MISS 

WATTS 

IMPS 

IMPS 

OSEC 

KHZ 
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CAP AC 
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% 

VKG 

10.0 

3.98 

9.50 

52.8 

10.00 4.290 

4.243 

2.119 

0.951 

1.200 

C .408 

0.011 

0. 449 

3.018 

76. E 

3. 1S9E 02 

12.0 

4. 83 

5. 35 
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?a, e 

3 « 103E 02 
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5.6 6 

6.19 

52.8 

10,00 5.936 

S.53B 
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1 .863 
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0 *798 

0.011 • 

0.879 

5.231 

72.8 

3.022E 02 

16.0 

5.51 

7.04 

52.8 

10. OC 

1 6.704 

6.736 
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1 .920 
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6 . 5 C 4 

7C.9 
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7.17 

7.89 

52.8 
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69.2 

2.. =7 IE 02 
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10.0 
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2,410 
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5.7 SAMPLE PROGRAM #6 — PROGRAM DC2DC 


As mentioned in Section 3.6,4, Program DC2DC allows the 
user to select from ten Design Constraint Options which may he 
useful in a converter design. Sample Program §6 illustrates 
the use of one of these options in the design of a two-winding 
vo It age Up mi n S freq- 

uency controller to meet the specifications given in Sections 
5.1 and 5.2. For convenience, these specifications are repeated 
in Section 5.7.1. 

Note from the output of Sample Program rfh (Section 5.5,2) 
that the single-winding reactor design produced by Program DC1DC 
requires a maximum transistor on-time (T ON) of 83,1 nsec. 

Since the converter frequency is 10.0 KHz, the maximum duty cycle 
is < therefore, 0.83, Suppose that the controller circuit which 
must be used in the system will produce an output with a maximum 
duty cycle of 0.75. With this limitation on the controller, the 
single-winding design produced in Sample Program #1 could not 
meet the design constraints. However, if Program DC2DC is used 
to produce a two-winding reactor design, the additional con- 
straint that the maximum duty cycle be less than 0,75 can easily 
be handled. If a value of O.Tt is chosen for the Design Con- 
straint Values, the maximum duty cycle for the designs produced 
by Program DC2DC will always be s t r i c t ly less than 0.75* Since 
the parogrdtn is allowed to choose only an integer number of turns, the Design 
Constraint value should be chosen to be slightly less than the desired 
maximum of 0.75, Sample Program #6 uses a value of 0.74 for the Design 
Constraint option. 


r •• 


. Qa i .«_v 
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5.7.1 Design Requirement Input Data— Sample Program (DC2DC) 

As in Sample Program # 2, it is desired that the converter 
operate in Mode 1 (continuous mmf mode) over the entire design 
range. This is accomplished hy making the specified minimum 
flux density greater than the residual flux density of the core 
material. The following is a complete summary of the input data 
to Program DC2DC for Sample Program #6. 


Cenvert er /Controlled Code 

Catalog Print Code 

Program Procedure 

Output Voltage 

Input Voltage Range 

Output Power Range 

Converter Frequency 

Residual Flux Density 

Minimum F1UX Density 

Maximum Flux Density 

Wire Type Code 

Reciprocal Current Density 

Minimum Wo. of Cores ijj Stack 

Maximum No. of Cores in Stack 

Min. Strands Of Wire-^Primary 

Min, Strands of W ife«s«-S ec o nd ary 

Transistor Saturation Voltage 

Diode Forward Drop 

Capacitor ESR 


FQ2UD 

NP 

DSN1 

21)-. 0 volts 

6.0 to 16 . 0 volts 

10.0 to 20.0 watts 

10.0 KHz 
0,01 tesla 
0.011 tesla 
0,36 tesla 
HSAV 

5.067 - 10“ 7 m^/ amp 
1 
2 
1 
1 

1.0 volt @ 10.0 amps 
0,60 volts 

0.10 ohm 


Maximum No. of Evaluations 
Input Voltage Increment 
Outnut Power Increment 
Design Constraint Option 


Design Constraint Value 


2.0 volts 

2.0 watts 

8 (Restrict Max. 
Duty Cycle) 

0.74 


5,7.2 Control Cards — Sample Program #6 (Program DC2DC ) 

Control Cards for Sample Program #6 are shown below. 
Sections 3.6-3.10 give' Inspections, ...preparing these cards. 


pmm HP 3SN1 '8 .74 3 2, 2, . 

24.. 3, 16 , 10. 20. 10. .01 .011 ■ : -*6 *_4 1 d 5«067E-0? HEh-/ l 

1, 0 i 0 . .60 . 1 — 
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5.7*3 Results of Sample Program #6 — Program DC2DC 

The following four pages give the results of Sample Program 
#6. Procedure DSN1 of Program DC2DC has produced a list of 
fifty usable reactor element designs. Rote from the "OP MODE" 
column of the design list that all of the designs operate in 
Mode 1 (continuous mmf mode) over the entire design range as 
desired. Also note that the stack height was increased to two 
cores by DC2DC in order to produce fifty designs. From the 
design evaluation portion of the printout, it can be seen that 
the maximum transistor on-time (T Off) over the design range is 
less than 75.0 jysac for all the designs evaluated. Since the 
converter frequency is 10,0 KHz, this corresponds to a maximum 
duty cycle of 0.75 as desired. Also, the efficiency and the 
efficiency/mass of these designs are comparable to those of 
the single-winding designs produced in Sample Program ff 2 
{ section 5.2), 
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FQ2UD--COHSTANT FREQ TWO-WINCING VCLTAGE STEP-UP/CUHR ENT STEP-UP CONVERTER DESIGN 
I/O TH VOLTS, ABPSHES, WATTS, TESLAS, HICKOSEC, KHZ, OIIHS 

CONVERTER SPECIFICATIONS 


T T IN 

OUT BIN 


V IB P OUT P OUT 
BAX BIN • BAX 


V 

SAT 


I 

COLL. 


V CAP 
DIODE ESB 


CONV 

FREQ 


B 


B 

BIN 


a 

BAX 


WIND 

FACTOR 


MAI 

CORES 


RESIDUAL 

2A.0 fi.C 16.0 10.0 20.0 1.00 10. OC 0.60 0.10 10.0 1.00QE-02 1.10QE-O2 3.600Z-Q1 O.WO 2 

’** *4 **«**«**, *,*«», *****«.,.***.»,****»*,»*»», » 4 , a , 

SIRE >IPE« H£AV BIN. PRI. STRAHDS= 1 MIN. SEC. STBANDS= 1 RECIPROCAL CORRENT DENSITI* 5.067E-07 SC.fl/ABF 


BESTRICTIUG THE HAT. DUTI CICLE= 0.7U0 


4 (**»*»»*****«******»***»***,.*«*«*. *************************** ******S*************a*««»«******I»,«IJJJ«“Iti**«IIii T I*«J 


THE FOLLCriKG CORES HATCH THE C0N37HAIHT5 WHEN OSSD IN A 1-COHS STACK 


SIZE BAGHET1CS 
HO. 


ARNOLD 


2£ 

26 

27 

27 

27 

27 
26 
29 

28 
29 
29 
29 
29 
31 
31 

31 
21 

32 
32 
22 
32 
32 


550R9 
5571 5 
55109 
55108 
55107 
55103 
55937 
55936 
55932 


A-089178 
A— 71 5 1 S2 
A-109156 
A-15510S 
A— 329 200 
A-182218 
A— 152330 
A-325360 
A— 18 0390 
A-866192 
A— 156 167 
A-1B3197 
A— 219 233 
A-59 2 228 
A-1 57268 
A-18S316 
A-220379 
A- 12 31 24 
A— 127259 
A-1583Q4 
A— 185358 
A- 221425 


BO 

125. 

125. 

125. 

147 . 

160. 

173. 

147. 

160. 

173. 

125. 

147. 

173. 

205. 

125. 

147. 

173. 

205. 

60. 

125. 

147. 

173. 

205. 


HP 

ACG 

PBI.IHD 

HS 

AWG 

SEC.IHD 

SDG 


PEI, 

EH 


SEC. 

BB 

PAC . 

42 

13 

0.320 

72 

17 

0.941 

0.348 

46 

13 

0.327 

79 

17 

0.965 

0.31C 

53 

13 

0 . 444 

91 

17 

1 .310 

0.264 

44 

13 

0.360 

76 

17 

1 .074 

0.236 

40 

13 

0.324 

69 

17 

0.964 

0.214 

37 

13 

0. 300 

63 

17 

0,869 

0.197 

33 

13 

0.374 

57 

17 

1.116 

0.393 

30 

13 

0.337 

51 

17 

0.973 

0.355 

23 

13 

0.217 

48 

17 

0.932 

0.332 

77 

13 

0.824 

133 

17 

• 2.459 

0.217 

65 

13 

0.691. 

112 

17 

2.051 

0. 183 

54 

13 

0.561 

93 

17 

' 1.664 

0.152 

45 

13 

0.462 

77 

17 

1.352 

0.126 

59 

13 

2. 192 

171 

17 

6.541 

0.206 

93 

13 

1.313 

143 

17 

5.379 

0. 173 

71 

13 

1.551 

122 

17 

4.608 

0. 146 

59 

13 

1. 277 

101 

17 

3.74 2 

0. 122 

277 

13 

9,305 

47B 

17 

27.709 

0.302 

132 

13 

4. 402 

228 

17 

13.134 

0. 1 44 

112 

13 

3.727 • 

193 

17 

11.067 

0.122 

95 

13 

3. 156 * 

164 

17 

9.405 

0.104 

80 

13 

2.652 

138 

17 

7.891 

0*087 


THE FOLLOWING COSES HATCH TEE CONSTRAINTS WHEN OSED IN A 2-COHE STACK 


irp 

IBS 

IP8SS 

I5E2S 

ICBES 

BAX 

MAX 

BAX 

aix 

HAX 

6.108 

3.563 

4.77C 

1.6*2 

1.415 

6.098 

3. SSI 

4.770 

1.641 

1.414 

5. 948 

3,464 

4.766 

1 ,640 

1.412 

6 • C53 

3.504 

4.772 

1.637 

1.4C9 

6. 109 

3.541 

4.773 

1.638 

1.411 

6. 139 

3.605 

4.767 

1.647 

1. 421 

6. C34 

3.493 

4.772 

1.637 

1.4C? 

6 • 069 

3.570 

4.764 

1 •©*** 

1.421 

6. 11 3 

3.566 

4.77 3 

1.642 

1.4 15 

5.764 

3.337 

4.767 

1,635 

i.itr 

5. 804 

3.368 

4.766 

1 .637 

1 . 4 C9 

5.865 

3.406 

4.767 

1.636 

1.4*3 

5.928 

3.464 

4.760 

1 « 642 

1 .415 

5.624 

3.256 

4.766 

1.635 

1.4C7 

5. 630 

3.272 

4.764 

1.636 

1.4C? 

5.651 

3.288 

4.763 

1 .625 

1.4?: 

5. 672 

3.313 

4.761 

1 .64C 

I.Uij 

5. 558 * 

3.221 

4.765 

1.655 

1. 4C** 

5.581 

3.231 

4.766 

1.635 

1.4C5 

5. 586 

3.241 

4.764 

1-636 

1. 423 

5. 597 

3.242 

4.765 

1 .635 

1.4C? 

5. 607 

3.251 

4.765 

1.636 

1.4C7 


SIZE MAGNETICS 
HO. 


ARNOLD 


24 

24 

24 

25 
25 
25 
25 
25 

25 

26 
26 
26 
26 
26 
26 
27 
27 
27 
27 
27 
27 
27 

27 

28 
28 
28 
28 
28 


5 5 253 
55252 
55298 
55C89 
55088 
55087 
55082 
55086 

55715 

55714 

55713 

557C9 

55712 

55109 

55108 

55107 

55103 

55106 

55106 

55436 

55432 
55435 

55433 


A-1 5 1198 
A-306215 
A-1 7 9 233 
A-089178 
A— 153210 
A-32622E 
A— 195246 
A-21S292 
A— 380056 
A-7151S2 
A-1 54 179 
A-32719S 
A-181210 
A-.2 17249 
A-3B2304 
A— 1 09 156 
A— 1 55185 
A— 328 200 
A-182218 
A— 2 1 8 259 
A-383312 
A— 405374 
A-U25437 
A-3253G0 
A-18Q390 
A— 21 5462 
A-379562 
A-401674 


HU 


147. 
160. 
173. 
125. 
197. 
160. 
173. 
200 . 
250. 
123. 
147. 
160. 
173. 
200 . 
250. 
125. 
147. 
160. 
173. 
20 0 . 
250, 
300. 
350. 
160, 
173. 
200 . 
250, 
300. 


HP 


30 
28 
25 
44 
37 
34 

31 
27 
21 
49 
41 
37 
34 
29 

25 
55 
46 
43 
39 
34 

26 
21 
18 

32 
29 
25 
20 
16 


ASG PSI.IHD 
PEI. SH 


13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 


0.362 
0.343 
0.295 
0.703 
0. 594 
0. 537 
0.483 
0.423 
0. 320 
0,712 
0.611 
0.542 
0.435 
0.916 
0.327 
0.957 
0.787 
0.749 
0.666 
0.535 
0.428 
0.335 
0.237 
0.766 
0.690 
0.534 
0.467 
0.359 


HS 


51 

48 

93 

76 

63 

58 

53 

46 

36 

82 

70 

63 

5a 

50 

39 

95 

79 

74 

67 

58 

44 

36 

31 

55 

50 

43 

34 

27 


AWG 

SEC. 

17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
. 17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 


SEC.IHD 

88 

1.045 
1 .007 
0.874 
2.096 
1.694 
1.563 
1.411 
1.229 
0.94 1 
2.079 
1.782 
1.571 
1 .440 
1.237 
0.941 
2.855 
2.322 
2.217 
1.965 
1 .703 
1.225 
0.984 
0.851 
2.262 
2.022 
1 .72 9 
1.351 
T.022 


WDG 


0.355 
0.332 
0.297 
0.366 
0.306 
0.281 
0.257 
0.223 
0.174 
0.323 
0.276 
0.249 
0.229 
0.196 
0.154 
0.295 
0.246 
0.230 
0.295 
0.181 
0.138 
0.112 
0.096 
0.380 
0.345 
0.297 
0.237 
0. 189 


JnE HAIIKUK CP 50 WIHDAQILITI CHECKS HAS BEEN EIACHED 


OP 

I HP 

IBS 

I PRES 

issue 

ICB£S 

[ODE 

BAX 

BAX 

BAX 

MX 

HAI 

1 

6.031 

3.547 

4.763 

1.647 

1.423 

1 

6.069 

3.540 

4.763 

1,6*2 

1. 4*5 

1 

1- 

6. 160 
5.803 

3.582 

3.359 

4.773 

4.767 

1,6*1 

1.635 

I.413 

1.4C7 

1 

5. 837 

3.423 

4.759 

1 .6*4 

1 .4 1 ? 

1 

5. 867 

3.439 

4.761 

1.643 

1. 4*5 

1 

5.909 

3.456 

4.763 

1 

1.4*5 

1 

5. 958 

3.497 

4.762 

1 .6*5 

1.415 

1 

6. 108 

3.563 

4.770 

1.6*2 

1.415 

1 

S.7B4 

3.386 

4.761 

1.642 

I.415 

1 

5.826 

3.413 

4.761 

1 .£*3 

I.415 

1 

5.862 

3.443 

4.760 

1 .645 

1, 4*9 

1 

S* 897 

3.457 

4.762 

1,f4* 

1.4*57 

1 

5.982 

3.469 

4.770 

1.63c 

I.413 

1 

6.081 

3.586 

4.763 

1 .6*9 

U 423 

1 

5. 733 

3.319 

4.767 

1.635 

1.4C7 

1 

5.767 

3.358 

4.764 

1.639 

1. 4:i 

1 

5.781 

3.360 

4.765 

1 .638 

I.413 

1 

5.810 

3.302 

4.764 

1.635 

1.411 

1 

5. 839 

3.423 

4.761 

1.643 

1. U?5 

1 

5. 945 

3.513 

4.758 

1.6a9 

1.421 

1 

6, 082 

3. 548 

4.769 

1 .£42 

1 .415 

1 

•6. 180 

3.589 

4.775 

1.640 

1.413 

1 

5. 774 

3.360 

4.764 

1.630 

1.411 

1 

5.809 

3.369 

4.766 

1 .637 

1.4C3 

1 

5. 8S0 

3.401 

4.766 

1 .639 

1.4*3 

1 

5. 914 

3.479 

4.760 

1 .646 

1. 419 

1 

6.025 

3.570 

4.753 

1.651 

1.426 
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DESIGH EYALUATIOH 

MAX. SO. OF EYALT ATIOHS - 3 

M*4 4*»*** >•«** ««->»****»•** **•****•■**»••«« ****»♦**»**»•* + ***«♦*******»***»«»*»*****,»**,.».,,,,,„ 


EYALOATIQH FCH DESIGH HO. 1 


SIZE MAGNETICS 

. un 

A R HOLD 

KO 

HP AWG 

PRI.IHD HS 

AWG 

5EC.IHD VDG 

OP 

IBP 

IBS 

IPRSS 

ISSftS TCRMS 

‘ w * 





PRI. 

nit 


SEC. 

MH 

FAC 

KODE \ 

SAX 

MAX 

MAX 

MAX 

MAX 

25 . 55GB9 

A-089178 125. 

42 13 

0*320 

72 

17 

0.941 

0.3<ld 1 6 

.108 3 

.563 

4.770 

1.642 1.915 

REACTOR 

AREA 

SQ.M 

PATH 

LENGTH 

n 

CORE 

VH*AREA 

SQ.M 

REACTOR 

LEHGIH/TORS 

M 

STACK 

HEIGHT 

S 


REACTOR 

MASS 

KG 

REACTOR 
PHI. WIRE 
LENGTHS 

REACTOR 
PRI. WIRE 
EES,OKKS 

REACTOR 
SEC. WISE 
LEHGTR.M 

REACTOR 
SEC. W IRE 
RES, OHMS 

1.340E 

-04 1 

•160E- 

01 6 

.11 IE-04 5.920E-02 

1.610E- 

02 2 

.25SE-01 2.1 

48SE 00 

1.664E-02 

4.262E 

00 

7.202E-02 

Y IH=* 6 

.0 
















PO 

SAITS 

IAP 

AflPS 

IAS 

AMPS 

IBP 

AMPS 

IBS 

AMPS 

T OH 
OSEC 

IPSSS 

AMPS 

ISESS 

AMPS 

ICRMS 

ASPS 

************ 
TRAHS DIODE 

LOSSES 

WIRE 

(WATTS) 

CORE 

***********9 

CAPAC TOTAL 

EFP 

X 

EFF/MASS 

S/KG 

10.00 

12.00 

14.00 

18.00 
10.00 
20.00 

2. 19 
2.74 
3.29 
3.84 
4.40 
4. 95 

1.27 

1.60 

1.92 

2.24 

2.56 

2.89 

3.34 
3.90 
4.45 
5.00 
5.55 
6. 11 

1.95 

2.27 

2.60 

2.92 

3.24 

3.56 

74.16 

74.16 

74.16 

74.16 

74.16 

74.16 

2.40 

2.67 

3.33 

3.82 

4.29 

4.77 

0. S3 
0.99 
1.15 
1.32 
1.48 
1.64 

0.71 ' 

0.95 

0.99 

1.13 

1.27 

1.42 

0.575 
0. 824 
1.119 
1.459 
1.844 
2.275 

0.495 

0.593 

0.691 

0.789 

0,887 

0.985 

0.145 

0.208 

0.282 

0.367 

0.464 

0.573 

0. 052 
0. 052 
0.052 
0.052 
0.052 
0.052 

0.051 

0.073 

0.099 

0.129 

0.162 

0.200 

1.318 

1.750 

2.242 

2.796 

3.410 

4.066 

BS.4 

87.3 

86.2 

85.1 

84.1 
83.0 

3.92E 02 
3.87E 02 
3 » H2E 02 
3.77E 02 
3.73E 02 
3.6BE 02 

y ih^ a 

.0 








- 







* 

PO 

SATIS 

IAP 

AMPS 

IAS 

AMPS 

IBP 

AMPS 

IBS 

AMES 

T OH 
OSEC 

IPEH5 

AMPS 

ISESS 

AMPS 

ICBMS 

ASPS 

************ 
TEARS DIODE 

LOSSES 

WIRE 

(WATTS) 

CORE 

************ 
CAPAC TOTAL 

EPF 

X 

EFF/MASS 

S/KG 

10.00 
12.00 
ID. 00 
16.00 
18.00 
20.00 

1.40 

1. EE 
2.22 

2. IE 

3. 19 
3. 62 

0.84 

1.10 

1.35 

1.60 

1.86 

2.11 

2.91 

3.35 

3.78 

4.22 

4.66 

5.09 

1.70 

1.95 

2.21 

2.46 

2.72 

2.97 

67.21 

67.21 

67.21 

67.21 

67.21 

67.21 

1.82 
2. 17 
2.52 
2.89 
3.23 
3.59 

0.74 

a. sa 

1.03 

1.17 

1.32 

1.46 

0.61 

0.73 

0.35 

0.96 

1.08 

1.20 

0. 331 
0.471 
0. 637 
0.629 
1.046 
1.288 

0.445 

0.531 

0.617 

0.704 

0.790 

0.877 

0.095 
0.135 
0. 182 
0.237 
0.299 
0.368 

0. 101 
0.101 
0.101 
0.101 
0.101 
0. 101 

0,033 

0.033 

0.072 

0.093 

0.117 

0.144 

1.009 

1.291 

1.609 

1.964 

2.353 

2.779 

9C.8 
9 C ,3 
89.7 
85. 1 
85.4 
87 . 6 

4.03E 02 
4. ODE 02 
3.98E 02 
3.95E 02 
3.92E 02 
3.39E 02 

Y IH= 10 

.0 




• 

-c 











PO 

WAITS 

TAP 

AMPS 

IAS 

AMPS 

IBP 

ASPS 

ias 

AMPS 

T OB 
OSEC 

ipsss 

ASPS 

issss 

AMPS 

ICRMS 

ASPS 

************ 
TRAHS DIODE 

LOSSES 

WIRE 

(WATTS) 

CORE 

************ 

CAPAC TOTAL 

vrr 

“x 

EPP/MASS 

S/KG 

10.00 

12.00 

14.00 
16. 00 

13.00 

20.00 • 

o.ss 

1.36 
1.73 
2. 10 
2.47 
2. 84 

0.58 

0.79 

1.01 

1.23 

1.44 

1.86 

2.72 

3.09 

3.46 

3.83 

4.20 

4.57 

1.59 

1.80 

2.02 

2.23 

2.45 

2.67 

61.46 

61.46 

61.46 

61.46 

61.46 

61.46 

1.50 

1.75 

2.07 

2.36 

2.64 . 

2.93 

0.70 

0.83 

0. 96 

1. C9 
1.22 
1.35 

0.56 
0.66 
0.76 
0.86 
0.96 ■ 
1.07 

0.226 
0.319 
0.429 
0.556 
' 0. 699 
0.860 

0.417 

0.495 

0.574 

0.653 

0.733 

0.813 

0.072 
0. 102 
0.137 
0.178 
0.224 
0.275 

0.159 

0..159 

0.159 

0.159 

0.159 

0.159 

0.031 

0.043 

0.053 

0.074 

0.093 

0.114 

0.906 
1.119 
1.357 
1* 620 
1.908 
2.221 

91.1 
91 . 5 

91.2 

90.3 

90.4 
9G.3 

4.07E 02 
4.0SE 02 
4.04E 02 
4.03E 02 
4 , 01 E 02 
3.99E 02 

Y IN= 12 

.0 
















SO 

WAITS 

IAP 

AMES 

IAS 

AMES 

IBP 

AMPS 

IBS 

AMES 

T OS 
OSEC 

ipsss 

AMPS 

ISSSS 

ABES 

ICRMS 

ASPS 

************ 
TRANS DIODE 

LOSSES 

WIRE 

(WATTS) 

CORE 

************ 
CAPAC TOTAL 

EPF 

* 

EFF/BASS 

S/KG 

10.00 

12.00 

14.00 

18.00 
18.00 
20.00 

0. £7 

1. C0 
1.33 
1. £6 
1.59 

2. 32 

0.39 

0.58 

o.7a 

0.97 

1.16 

1.35 

2.62 

2.95 

3.28 

3.61 

3.9ft 

4.26 

1.53 
1.72 
1.91 
2. 10 
2.30 
2.49 

56.61 

56.61 

56.61 

56.61 

56.61 

56.61 

1.31 

1.55 

1.79 

2.03 

2.27 

2.51 

0.67 

0.79 

0.91 

1.03 

1.16 

1.23 

0.52 

0.61 

0.70 

0.79 

0.88 

0.98 

0.171 
0.239 
0.318 
0.411 
0.515 
0. 631 

0.401 

0.473 

0.547 

0.S21 

0.695 

0.770 

0.061 

0.085 

0.113 

0,145 

0.182 

0.224 

0.223 

0.223 

0.223 

0.223 

0,223 

0.223 

0.027 

0.037 

0.049 

0.063 

0.073 

0.095 

0. 8B3 
1.057 

1. 250 
1.462 
1.693 
1.943 

91.5 

91.9 

91.8 

91.5 

91.4 

91.1 

4.07E 02 
4.08S 02 
4 , 07E 02 
U.Q6E 02 
4.05E 02 
4.Q4E 02 

Y IH= 111. 

.0 
















PO 

SATIS 

IAP 

AMPS 

IAS 

AMPS 

IBP 

AMPS 

IBS 

AMPS 

T OH 
OSEC 

IPSSS 

AMPS 

ISSSS 

AMES 

ICRMS 

ASP5 

************ 
TEAKS DIODE 

LOSSES 

WIRE 

(WATTS) 

CORE 

************ 
CAPAC TOTAL 

EFr 

X 

EPP/MASS 

S/KO 

10.00 
12. OC 

19.00 

16.00 
18.00 
20.00 

0.44 

0. 74 
1 ,C4 
1.34 

1. e# 
1. 94 

0.26 

0.43 

0.61 

0.78 

0.96 

1.13 

2.57 
2.87 
3. 17 
3.47 
3.77 
4.07 

1.50 

1.67 

1.85 

2.02 

2.20 

2.37 

52.47 

52.47 

52.47 

52.47 

52.47 

52.47 

1.19 

1.38 

1.59 

1.90 

2.01 

2.22 

0.65 

0.77 

0.98 

1.00 

1.12 

1.23 

0.50 

0.58 

0.66 

0.74 

0.83 

0.91 

0.138 
0. 190 
0.252 
0.323 
0.4Q4 
0.494 

0.392 

0.460 

0.529 

0.599 

0.669 

0.740 

0.054 

0.074 

0.098 

0.126 

0.157 

0.192 

0.289 

0.289 

0.289 

0.289 

0.289 

0.289 

0*025 

0.03 a 

0*0U4 
0*055 
o. 06 a 
0.033 

0. 998 
1. 047 
1.212 
1.392 

1. 587 
1.798 

91.6 

92.0 

92.0 

92.0 

91.9 

91.6 

4.07E 02 
4.08E 02 
4. QBE 02 
4.08E 02 
4. QBE 02 
4.07E 02 

Y IH* 16. 

.0 
















PO 

WAITS 

IAP 

ABES 

IAS 

AMPS 

IBP 

AMPS 

IBS 

AMPS 

T OS 
OSEC 

IPSSS 

AMPS 

ISESS 

ASPS 

ICRHS 

ASPS 

************ 

TRANS DIODE 

LOSSES 

WIRE 

(WATTS) 

CORE 

************ 

CAPAC TOTAL 

EPF 

X 

EFF/MASS 

S/KG 

10.00 

12.00 

■19.00 

16.00 

la.oo 

20.00 

0.2E 

0. E3 
0.81 

1. C9 
1.37 
1.65 

0.15 

0.31 

0.47 

0.64 

0.80 

0.96 

2.54 
2. 82 
3.10 
3.38 
3.66 
3.94 

1.48 

1.65 

1.81 

1.97 

2.14 

2.30 

48.89 

48.89 

48.89 

48.89 

48.89 

48.89 

1.08 

1.26 

1.94 

1.63 

1.92 

2.01 

0. 64 
0.75 
0. 86 
0.97 
1.09 
1.20 

0.49 

0.56 

0.63 

0.71 

0.78 

0.86 

0.117 
0.159 
0.209 
0.266 
0. 331 
0.403 

0.387 

0.451 

0.517 

0.583 

0.651 

0.719 

0.049 

0.067 

0.088 

0.112 

0.140 

0.170 

0.356 

0.356 

0,356 

0.356 

0.356 

0.356 

0.024 

0.032 

0.0«0 

0,050 

0.061 

0.074 

0. 933 
1.064 
1.209 

1. 368 
1.539 
1.722 

91.5 

91.9 

92.0 

92.1 
92.1 
92. 1 

4.06E 02 
4 . 07s 02 
4.08E 02 
4 .09 E 02 
4.09E 02 
4.08E 02 
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REPRODUCIBILITY OF THE 

ORIGINAL PAG.® IS POOR 


ZVILQATICX JOE DSSIGX XO. 2 


SI3Z BAGXETICS 

ARHOLD 

SO HP 

ABC PRX.XXD 

XS ABO SEC. IKO 

BOG OP 

IBP IBS 

IPRRS ISE8S 

ICH8S 

SO. 



PRI. sa 

SEC. 811 

TIC RODE 

BAT. BAX 

8AX 

811 

8AI 

26 5571 5 

A-7151S2 

125. 46 

13 0.327 

79 

17’ 0.965 

0.310 1 6 

• 09 9 3.551 

4.770 1 

.141 

1.414 

isxcroa 

PATH 

COKE 

REACTOR 

STACK 

REACTOR 

REACTOR 

REACTOR 

REACTOR - 

Rsieroa 

AREA 

LSHOIH 

XX. AREA 

LEHGTH/TOSI 

HEIC8T 

8 ASS 

pri. B ias 

PHI. HIRE 

SEC. BIKE 

SEC. 

* U I HE 

sq.b 

B 

SQ.H 

a 

8 

KG 

LEEGTKf H 

RES, OH MS 

LEHGTH.8 

BES 

r OHM5 

1. 2501-04 

1.270E-01 

7J19E-04 

S.770E-02 1 

.440E-02 

2. 3405-01 

2.6545 00 

1.7765-02 

4.5SSE 00 

7.7025-02 


Y IS* 6.0 


PO 

IAP 

IAS 

IBP 

IBS 

T 08 

IP85S 

ISRRS 

icr as 



LOSSES 

(WATTS) 



Err 

EFF/fTASS 

sans 

ASPS 

AMPS 

AMPS 

AMPS 

USEC 

AMPS 

AMPS 

AMPS 

TBAHS 

DIODE 

VIBE 

CORE 

CAPAC 

TOTAL 

I 

5/KG 

10.00 

2.20 

1.2S 

3.33 

1.99 

74.13 

2.4? 

0.92 

0.71 

0.575 

0.495 

0. 155 

0.050 

0.051 

1.325 

as. j 

3. 77)5 02 

12.00 

2.15 

1.60 

3.89 

2. 26 

74.13 

2 .s? 

0.99 

0.85 

0.624 

0.593 

0.222 

0.050 

0.073 

1. “6 1 

87.2 

J.73E 02 

14.00 

3.21 

1.92 

4.44 

2.58 

74.13 

3.35 

1.15 

0.99 

1. 119 

0.691 

0.301 

0.050 

0.098 

2.259 

86.1 

3.6B2 02 

16.00 

3.66 

2.25 

4.99 

2. SI 

74.13 

3.81 

1.31 

1.13 

1.459 

0.739 

0.392 

0.050 

0.128 

2.618 

as.o 

3.63E 02 

18.00 

4. 41 

2.57 

5.54 

3.23 

74.13 

4.3-: 

1.48 

1.27 

1.345 

0.387 

0.U96 

0.050 

0. 162 

3.439 

84.0 

3.59E 02 

20.58 

4. 96 

2.89 

6.10 

3.55 

74.13 

4.77 

1.64 

1.41 

2.276 

0.965 

0.612 

0.050 

0.200 

4. 122 

B2.9 

3.S4E 02 

T IX- S. 

.0 
















PO 

IAP 

IAS 

IBP 

IBS 

T 08 

IPRSS 

IS3HS 

ICSBS 

************ 

LOSSES 

(WATTS) 


Err 

BEF/HASS 

WITTS 

A8ES 

laps 

ABES 

AMPS 

US2C 

AMPS 

AMPS' 

AMPS 

TBAHS 

DIODE 

XI EE 

COBE 

CAPAC 

TOTAL 

x 

X/KG 

10.00 

1.46 

0.S5 

2.90 

1.69 

67.17 

1.82 

0.74 

0.61 

0.331 

0.444 

0.101 

0.097 

0.037 

1.C10 

90.3 

3.S8E 02 

12.00 

1.90 

1.10 

3.33 

1.94 

67.17 

2.17 

0.88 

0.73 

0.471 

0.530 

0.144 

C, 097 

0.053 

1.195 

9C.3 

3.662 02 

14.00 

2.33 

1.36 

3.77 

2.20 

67.17 

2.52 

1.03 

0. 65 

0.637 

0.616 

0.194 

0.097 

0,072 

1.617 

a?.6 

3.332 02 

16.00 

2.77 

1.61 

4.21 

2.45 

67.17 

2. Si 

1. 17 

0.96 

0.829 

0.703 

0.253 

0.C97 

0.093 

1 • ?75 

89.0 

3.302 02 

18.00 

3. 21 

1.87 

4.64 

2.70 

67.17 

3.23 

1.32 

1.08 

1.046 

0.790 

0.319 

0.097 

0.117 

2.359 

86.4 

3.78E 02 

20.00 

3.64 

2.12 

5.08 

2.96 

67. 17 

3.5° 

1.46 

1.20 

1.2B8 

0.877 

0.393 

0.097 

0.144 

2.799 

37.7 

3.758 02 

T IX- 10, 

.0 
















PO 

IAP 

IAS 

IBP 

IBS 

T OK 

IPH5S 

ISSSS 

ICSBS 

************ 

losses 

(WATTS) 

********** at* 

EFr 

EP?/BA55 

BUIS 

ABES 

ABPS 

ABES 

ASPS 

USEC 

ASPS 

AMES 

AMPS 

TBAHS 

DIODE 

WISE 

C0B3 

CAPAC 

TOTAL 

X 

5/KG 

10.00 

7.01 

0.59 

2.70 

1.57 

.61.41 . 

. 1..50 

0.69 

0.55 

0.226 

0.416 

0.077 

0.153 

0.031 

0.903 

91.7 

3.92E 02 

12.00 

1.38 

0.80 

3.07 

1.73 

61.41 

1.7= 

0. 82 

0.65 

0.319 

0.494 

0.109 

a. 153 

0.043 

1.118 

91,5 

3. 912 02 

14.00 

1.75 

1.02 

3.44 

2.00 

61.41 

2.07 

0.96 

0.76 

.0.429 

0.573 

0.146 

0.153 

0.057 

1.359 

91,2 

3.90E 02 

16.00 

2. 12 

1.24 

3.81 

2.22 

61.41 

2.3= 

1.09 

0.86 

0.555 

0,653 

0.190 

0.153 

0.074 

1.424 

9C.3 

3.SSE 02 

18.00 

2. 49 

1.45 

4. IQ 

2.44 

61.41 

2.54 

- 1.22 

0.96 

0. 699 

0.732 

0.239 

0. 153 

0.093 

1.515 

9C.4 

3.36E 02 

20.00 

2.86 

1.67 

4.55 

2.65 

61.41 

.2-93 

1.35 

1.07 

0.859 

0.312 

0.294 

0.153 

0.114 

2- 131 

9C.0 

3.S5E 02 

T IS- 12 

.0 
















pa 

IIP 

IAS 

IBP 

IBS 

T OK 

IPBIS 

XSBSS 

ICH3S 


LOSSES 

(WA7TS? 


Ef; 

EFF/KASS 

BAITS 

AMPS 

AMPS 

AMPS 

AMPS 

OSEC 

AMPS 

AMPS 

AMPS 

IE ASS 

DIODE 

WISE 

CORE 

CAE1C 

H 

O 

4 

>* 

1-* 

s 

5/KG 

1C. CO 

0.7C 

0.41 

2.60 

1.51 

56.56 

1.31" 

0. 67 

0.52 

0. 171 

0.400 

0.064 

0,214 

0.027 

0.576 

91.9 

3.93E 02 

12.00 ' 

1. C3 

a. so 

2.93 

1.70 


1.54 

0.79 

0,61 

0.23B 

0*472 

0.090 

0.214 

0.037 

1.251 

91.3 

3.332 02 

14.00 

1.36 

0.79 

3.26 

1.90 

56.55 

1.7 = 

0. 91 

0.70 

0.318 

0.546 

0.120 

0.214 

0.049 

1. 247 

91.8 

3.32E 02 

16.00 

i.fia 

0.98 

3.59 

2.09 

56.56 

2.02 

1.03 

0.79 

0.410 

0.620 

0.155 

0.214 

0.062 

1.-51 

91. b 

3.92E 02 

18.00 

2. Cl 

1.17 

3.92 

2.29 

56.56 

2.27 

1.16 

0.88 

0.514 

0.694 

0.195 

0.214 

a. 07a 

1.595 

91,4 

3.913 C2 

20.00 

2.34 

1.36 

4.25 

2.47 

56.56 

2.51 

1.28 

0.97 

0.631 

0.769 

0.239 

0.214 

0.095 

1.547 

91.1 

3.90E 02 

7 IH* 14 

.0 
















PO 

he 

IAS 

IBP 

IBS 

T OH 

IPH5S 

ISBS5 

ICSBS 


LOSSES 

(WATTS) 


25? 

ErF/BASS 

SATIS 

AMPS 

AMPS 

AMPS 

AH PS 

USEC 

AMPS 

AMES 

AMPS 

TBAHS 

DIODE 

SISS 

C02E 

CAPAC 

TOTAL 

3 

X/KG 

io. oa 

0.46 

0.27 

2.55 

1.48 

52.42 

1.17 

0.65 

0.50 - 

0.138 

0.390 

0.057 

0.277 

0.025 

Q. 587 

91.9 

3.93E 02 

12.00 

0.76 

0.44 

2.85 

1.66 

52.42 

1.35 

0.76 

0.58 

0. 190 

0.458 

0.079 

0.277 

0.033 

1.137 

9? ,0 

3.93E 02 

14.00 

1.C6 

0.62 

3.15 

1.83 

52.42 

1.55 

0.88 

0.66 

0.251 

0.520 

0.104 

0.277 

0.043 

1.214 

91. 1 

3. SUE C2 

16.00 

1. 36 

0.79 

3.45 

2.01 

52.42 

1 . 8 C 

1.00 

0.74 

0.323 

0.598 

0.134 

0.277 

0.055 

1.296 

92.0 

3.93S 02 

18.00 

1.67 

0.97 

3.75 

2.18 

52.42 

2.01 

1.11 

0.82 

0.403 

0 . 66 a 

0. 167 

0.277 

C.063 

1.533 

91.9 

3.93E C2 

20.00 

1.97 

1.15 

4.05 

2.36 

52.42 

2.22 

1.23 

0.91 

0.493 

0.739 

0,205 

0.277 

0.082 

1.796 

91.0 

3 .922 02 

T IS- 16 

.0 
















PD 

IAP 

IAS 

ISP 

IBS 

T OK 

IPBIS 

ISHHS 

ICSBS 


LOSSES 

(WATTS) 

************ 

EF? 

EFF/tlASS 

WAITS 

ABES 

AMPS 

AMPS 

AMPS 

USEC 

AMPS 

AMPS 

AMPS 

TRASS 

DIODE 

WIRE 

COSE 

CAPAC 

TOTAL 

X 

X/KG 

10.00 

0.28 

0.16 

2.52 

1.47 

48.35 

1.09 

0.64 

0.49 

0. 116 

0.385 

0.052 

0.341 

0.024 

0.318 

91.6 

3.912 02 

12.00 

0.56 

0.33 

2.80 

1.63 

48.85 

1.26 

0.75 

0.56 

0. 158 

0.449 

0,071 

0.341 

0.031 

1.251 

91.9 

3.93E 02 

14. OQ . 

0.84 

0.49 

3.08 

1.79 

48.85 

1.41 

o.ae 

0.63 

0.20B 

0.515 

0.094 

0.341 

0.040 

1. * 97 

92.1 

3 . 94E 02 

16.00 

1.12 

0.65 

3.36 

1.96 

48.85 

1.61 

0.97 

0.70 

0.265 

0.582 

0.120 

0.341 

0.050 

1. 357 

92.2 

3.94E 02 

16.00 

1 * 4 C 

0.8 1 

3.64 

2.12 

48.85 

1.82 

1 .08 

0.78 

0.330 

0.650 

0. 149 

0,341 

0.C61 

1.530 

92.2 

3.94E 02 

20.00 

1.68 

0.98 

3.92 

2.28 

48.85 

2.01 

1.20 

0 . 86 

0.403 

0.718 

0. 192 

0.341 

0.074 

1.716 

92. 1 

3.94E 02 
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’ ,4**** + * »«♦♦*« 


*************** 


ITALUATIOK rCB DESIGH HO. 

ARHOLD 
X-109156 


SIZE MAGNETICS 
HO. 


27 55109 

REACTOR 

AREA 

so. a 

1.440E-04 


PATH 
LENGTH 
H 


HO 

125. 

CORE 
UN. AREA 
SQ.M 


BP 

ABC 

PEI. 

PRI.IRB 

MH 

US 

AHG 

sec; 

53 

13 

0.444 

91 

17 


SEC.IHO 

HU 


BEG OP 
FAC MODE 


IBP 

MAS 


IBS 

HAS 


ipbms 

HAS 


ISFBS 

HAS 


icums 

HAS 


1.310 0.284 1 5.998 


3.964 4.766 1.640 1.412 


REACT <3B 
LEKGTH/TBRR 
H 


STACK 
HEIGHT 
H 


BEACTOH 

MASS 

KG 


HE ACTOR 
PHI. HIRE 
LENGTH, M 


REACTOR 

PRI.HISE 

HES.OHMS 


BEACTCH 
SEC. HIRE 
LERGTH.M 


reactor,, 

SEC. BIBS 
KES.OLIMS 


1 ,430 E— 01 9.480E-04 6.230E-O2 


.490E-O2 3.016E-01 3.J02E 00 


2.210E-02 5.669E 00 9.579E-02 


• 7 IK- 


6.0 


PO 

BATTS 

IAP 

AMES 

IAS 

AMPS 

IBP 

AMES 

IBS 

AMPS 

10.00 

12.60 

14.00 

16.00 
18.00 
20.00 

2.35 
2.90 
3.45 
4. Cl 
4. 56 
5.11 

1.37 
1.69 
2.0 1 
2.33 
2.66 
2. 98 

3.18 
3 .74 
4.29 
4. B4 
5.39 
5.95 

1,85 
2. IB 
2.50 
2.82 
3.14 
3.46 

9 IH= 

8.0 




PO 

BATTS 

IAP 

ABES 

IAS 

AMPS 

IBP 

AMPS 

IBS 

AMPS 

10.00 

12.00 

14.00 

15.00 

IB. 00 

20.00 

1.65 

2.C9 

2.52 

2.96 

3.3? 

3.83 

0.96 

1.22 

1.47 

1.72 

1.98 

2.23 

2.71 

3. 14 
3.58 
4.02 

4. U5 
4. B9 

1.5B 

1.83 

2.09 

2.34 

2.59 

2.85 


p OS 
OSEC 

74.13 

74.13 

74.13 

74.13 

74.13 

74.13 


T OH 
OSEC 

67. IB 
67. IS 
67. IS 
67.18 
67. 1g 
67.18 


IPBMS 

AMPS 

2.39 
2.86 
3.34 
3. 82 
4.29 
4.77 


IPRMS 

IMPS 

1.80 

2.16 

2.51 

2.81 

3.23 

3.58 


ISBMS 

AEES 

0.82 

0.99 

1.15 

1.31 

1.48 

1.64 


ISBMS 

ASPS 

0.73 

0.88 

1.02 

1.17 

1.31 

1.46 


I®** 5 ;;;?£•"»»* “!ii s ® s> ci;« *«;« 


P.FF 


EF f^ ss 


AMPS 

0.71 

0.85 

0.99 

1.13 

1.27 

1.41 


0.571 
0. 821 
1. 115 
1.456 
1.841 
2.272 


0.493 
0.591 
0.689 
0.788 
C. 886 
0.984 


0.191 
0.274 
0.373 
0.4 87 
0.616 
0.760 


0.030 

D.030 

0.030 

0.030 

0.030 

0.030 


0.050 
0.072 
5.098 
0.128 
0. 162 
0.200 


1.336 

1.7SB 

2.306 

2.S88 

3.534 

4.245 


B8.2 2.93E 02 
8".0 2.89E 02 
R4.9 2.35R 02 
84.7 2 1 8 1 E 02 
83.6 2.77E 02 
a:. 5 2.74E 02 


TraKS ************ LOSSES 
AMPS TRAHS DIODE HISS 


0.60 

0.72 

0.84 

0.96 

1.08 

1.20 


0.325 
0.466 
0.632 
0.023 
1. 040 
1.283 


0.441 

0,527 

0.614 

0.701 

0.788 

0.875 


0.124 

0.177 

0.240 

0.313 

0.395 

0.487 


(BATTS) 

COES 

0.057 

0.057 

0.057 

0.057 

0.OS7 

0.057 


************ 
CAPAC TOTAL 


BEE 

S 


EFF/BASS 

5/KG 


0.037 

0.052 

0.071 

0.092 

0.116 

0.143 


0.934 

1.279 

1.614 

1.936 

2.397 

2.645 


7 IK= 10*° 


FO 

TATIS 

1C. 00 
12.00 
14. 00 

ib.oo 

18.00 

20.00 


IAP 

ABES 

1 . 23 
1. 6C 
1.57 
2-34 
2,72 
3. C5 


7 IH= 12.0 


PO 

BATTS 

10.00 

32*32 

14.00 

16.00 
18.00 
20.00 


IAS 

ABES 

0 .?| 
1. 28 
1.61 
1.94 
2.26 
2. 59 


ias 

AMPS 

0.72 

0.93 

1.15 

1.37 

1.58 

1.80 


IAS 

AGES 

0.55 

0.74 

0.94 

1.13 

1.32 

1.51 


IBP 

AMPS 

2.48 

2.85 

3.22 

3.59 

3.96 

9.33 


IBP 

ASPS 

2.35 

2.68 

3.01 

3.34 

3.67 

3.99 


IBS 

AMPS 

1.44 

1.66 

1.B7 

2.09 

2.31 

2.52 


T OS 
ESSC 

61.42 

61.42 

61.42 

51.42 

61.42 
61.42 


IPRMS 

AMPS 

1.4B 

1.77 

2.05 

2.34 

2.53 

2.92 


ISBMS 

AMPS 

0.68 
0.82 
C.95 
* 1.08 ■ 
1.21 
1.35 


1®«S 5 TBAHS**DIODE ‘SKI* ‘SSH*’ clPSTo 111 


0.54 

0.64 

0.75 

0.85 

0.96 

1.06 


0.219 
• 0.312 
0.422 
0.549 
0.692 
0.353 


0.910 

0.989 

0.569 

0.649 

G.729 

0.809 


0.093 

0.133 

0.179 

0.233 

0.294 

0.362 


0.090 

0.090 

0.090 

0.090 

0.090 

0.090 


0.029 

0.041 

C.056 

0.072 

0.091 

0.112 


0. 541 

1. C35 
1 • * 1 5 
1.392 
1.695 
2.226 


91.0 3.02E 02 
9C.4 3. QOS 02 
84,7 2.97E 02 
B9.0 2.95E C2 
8^.2 2.43E 02 
Blit 2-. 90 E 02 


H* SF I^ SS 
35:1 3 :oil | 

g'..u 3.03E C2 
Id? 3.02E 02 
90 a 3. COE 02 
90. 0 2.9BE 02 


IBS 

AMPS 

1.37 

1.56 

1.75 

1.94 

2.13 

2.33 


T OS 
OSEC 

56.57 
56.57 
56.57 
56. 57 
56.57 
56.57 


7 IH = 14.0 


PO _ 
BATTS 

10.00 

12.00 

14.00 

ie.oo 

18.00 
20.00 


IAP 

AMPS 

0. 14 
1.04 
1.34 
1.64 

1. 94 
2.24 


7 I'J= 16.0 


PO 

BATTS 

10.00 

12.00 

14.00 

16.00 

1B *Q2 

20.00 


IAP 

AHES 


, 57 
.63 


0. 

0 

1 .13 
1, 41 
1.65 
1.57 


IAS 

AMPS 

0.43 

0.60 

0.78 

0.95 

1.13 

1.31 


IAS 

AMPS 

0.33 

0.50 

0.66 

0.82 

0.99 

1.15 


IBP 

AMES 

2 *12 
2.57 
2.87 
3. 17 
3.47 
3.77 


IBP 

AMES 

2.22 

2.50 

2.78 

3.06 

3.34 

3.62 


IBS 

AMPS 

1.32 

1.50 

1.67 

1.85 

2.02 

2.20 


T OK 
OSEC 

52.43 

52.43 

52.43 

52.43 

52.43 

52.43 


IPRMS 

AMPS- 

1:1! 

2.25 

2.50 


IPRMS 

AMES 

1.14 

1.35 

1.56 

1.77 

1.99 

2.20 


ISBMS 

■AEES 


.65 

,77 

, 90 
.02 
.15 
.27 


ICRHS ************ LOSSES (BATTS) 
AMPS THAHS DIODE VIBa CORE 

Hi If |1 

0.402 0.614 0.189 

0.507 0.689 0*23| 

0.623 0.764 0.293 


************ 

CAE AC TOTAL 


0.50 

0.59 

0.68 

0.78 

0.87 

0.96 


0.125 
0. 125 
0. 125 
0.125 
0:i25 
0.125 


0.025 

0.033 

0.047 

0.060 

0,076 

0.093 


0.750 

0.963 

1.167 

1.390 

1.634 

1.698 


E=* EFR/BASS 
t 5/KG 

92.8 3.08E 02 

92.1 3.07S 02 
93:3 3.06E 02 
oi.O 3.0aE 02 
91,7 3.04E 02 
ills 3.03S 02 


ISBMS 

SEES 

0.63 

0*71 

0.86 

0. 98 

1. 10 

1.22 


icdms L xr|l S ( cSII S) l^ac**tot1l 


Err 


AEES 

0.47 

0.55 

0.64 

°* 7 ? 

0.81 

0.89 




0.129 
0. 1B1 
0.243 
0.314 
0.394 
0.485 


0.378 
0 .44 B 
0.519 
0.590 
0.661 
0.733 


0.066 

0.093 

0.125 

0.162 

0.203 

0.250 


0.161 

0.161 

0.161 

0.161 

0.161 

0.161 


0.022 

0.031 

0. oal 

0.052 

0.065 

0.080 


0.757 

0. 914 

1. C3H 
1.275 
1.425 
1.708 


92.0 
91.9 


3.68E G2 
3.08E 02 
92.9 3.0BE 02 
92.6 3.07E 02 
92.4 3.G6E 02 
92.1 3.05E 02 


ias 

AMPS 

• 1 . 2 ? 
1.46 
1.62 
1.78 
1.95 
2.11 


T 05 
OSEC 

48.85 
4S .85 

48.85 
48.85 
48.85 
48.85 


IPRMS 

AMES 

1,03 

1.22 

1.41 

1.60 

1.79 

1.98 


ISBMS 

AMES 

8 -M 
8:11 
YM 


trars**diode L §!ii S ‘^I s> SSk“*S? it 


EFE 

I 


efp/mass 

5/KG 


AMPS 

0.45 

0.53 

0.60 

0.68 

0.76 

0.84 


0.107 
0. 149 
0.198 
0.256 
0. 321 
0.393 


0.369 

0.436 

0.504 

0.572 

0.640 

0.709 


0.060 

0.083 

0.111 

0.144 

0.180 

0.221 


0.198 
0.198 
0. 198 
0.198 
0.198 
0.198 


0.021 

0.028 

0.036 

0.046 

0.058 

0.070 


0,754 

0. 694 

1. C47 
1* I*S 
1.396 
1.591 


9 3.0 3.CSE 62 
93.1 3.39E 02 
g-. n 3.C9E C2 
9219 3.C8E 02 
92 8 3. CBS 02 
If J.07E 02 


*.**.**«***. **.«***************:!;;„;iii«iiii2 

::;:;::::«:it.**********»*********”*‘* 


***************************** **I**»i« ****** »***•»♦**** 
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5.8 SAMPLE PROGRAM #7 — PROGRAM DC2DC 

It can be seen from the output of Sample Program #6 that 
core size #24 is the smallest core in the core catalog which 
will meet the design constraints when used in a stack of two 
cores or less. Sample Program #7 uses Procedure DSH2 of Program 
DC2DC to attempt to produce a design using core size #23 with 
a relative permeability of 125*0 in a three-core stack. All 
other design requirements remain the same as in Sample Program 

Ji c 
rr 

5,8.1 Control Cards — Sample Program #7 (Program DC2DC ) 

The Control Cards for Sample Program #7 are shown below. 
Sections 3,6-3.10 give instructions for preparing these cards. 

FPdUB HP BSH2 
L'4,. 6, 16. 

1,0 10.. .60 
23 125 l 3 

0 


£{ 74 j 8 i 2 » 

10, 20, 10, .n’r.Oll ' .36 4 1_ 2 S.067E-0? HEftV 1 1 

.1 



I B 0 0 0 0 0 0 Q 0 DO 0 0 0 0 0 0 0 0 0 0 0 D n U U U U U U « U « u u u u u u u u u u u u u u u u » u » « « » « « « » « - - » - « - - - - - - - 

,13.55/ , S ,a,,no»»lsnn a:5 i,a!i:.lllsrf2 S jn»J I 32 35 K3555nn3i9,i,..4?««.5.s«««s^ l 52 555.»M5/S!5 5 5aci S 2M«BE56/« 6 i-annnufiicn n 
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REPRODUCIBILITY OF THE 
ORIGINAL PAGE IS POOR 


5*8,2 Results of Sample Program #7~-Program DC2DC 

The results of Sample Program #7 are shown below. It can 
be seen from the print out that core size #23 with a relative 
permeability of 125.0 used in a three core stack will not meet 
the design requirement regarding maximum winding factor. Thus, 
the design is rejected by the program. The actual computed 
winding factor of 0.46 is shown on the program out nut « 


mimmill ;;**;** 1*111111*1!***“** ****** •*»•*«• * *««••*♦»*****.♦♦••*...** ........ 

FP2UD-- COHSTAKT EREO THO-HIXDIHG YCLTAGE STEP-OP/COR R EHT STEP-OP COHVERTER OESXGli 
I/O IH YCLT5, ISPEP.ES, BATTS, TESLAS, KICROSEC, KHZ, OliSS 

miiimiiffii ****** ****** ********** *••****»****■*«•«*•*****« ***, «***«.*«. 

’ . COSYEHTER SPECIFICATIOKS 

B 


T T IX 7 ID 

OOT HI H HAX 


P OOT’ P OOT V I T CAP 

HIH HAX SAT COLL, DIODE ESE 


UIKP SC. 

FACTOR COLES 


COST B B E 

FKEQ BESIEOAL HIS' SAX 

. 20,0 6.C 16.0 10.0 20,0 1.00 10.00 0.60 0,10 10.0 1.000E-02 1.1DOE-02 3.600E-G1 0.60 3 

*********************************** • **»*************. *♦**»***,****,***,,.*,*,*» *,,,*, *****#««&* a*,,*,..,,.,*,.. 

XIBE TTPE= till HIS. PHI. STRAHDS= 1 SIS. SEC. STBAHDS= 1 BECIPEOCAL COEREHT DEBSITY= 5.067E-07 SC. K/JS? 


EESTBICTIHG TBE HAX. DOTI CYCLE* 0.760 


!!!!!**** **i***r*********************** ****************************************** ****«*»********»»“*»■.«*»»*» 
* ************ *****"*********************”************•*« *•«*.»* ****»»***«****»**.»****«*****•»*.»****»■.»»«*»«. «,..*,,,,« 

DESIGH EYALDATIOH 

mil iiii.iiuiiiiii*****!* 1 ****"*********’***** ************************************************** ************** ********* 

EYALDATIOH FCS DESIGH HO. 0 
CCBE EHTEP.ED IS HOT HIHOABLE — SP= 0.H6O 


*****u*iii** *************************** •*******•**********««***********.***********, *•»«*«*»** 

**** *********************************************** *»*»****»****»*.****»•**»«»**«»»****»«««,»«...«* 
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5.9 SAMPLE PROGRAM ft 8 — PROGRAM DC2DC 


ti) 


?**r> 



Sample Program #8 uses Procedure DSNS of Program DC2DG to 
attempt to produce a design for the same core size, relative 
permeability and stack height as used in Sample Program #7. 

In Sample Program ft 7, the reactor design produced was rejected 
because the winding factor of 0*46 was greater than the maximum 
winding factor of 0.40» Sample Program ft 8 uses the same design 
requirement data as Sample Program ft 7 except that the Reciprocal 
Current Density Specification is lowered to 3.8 * 10“^ m 2 /ampere 
(CS750 circular mils/ampere) to allow smaller wire to be used. 
Also, it is desired that a minimum of two strands of wire be 
used for the primary winding, A minimum of one strand of wire 
is to be used for the secondary winding. 



*r p 


H - 





5.9.1 Control Cards--S ample Program #8 (Program DC2DC) 

The Control Cards for Sample Program #8 are shown below. 
Sections 3.6-3.10 give instructions for preparing these cards. 


FQ2UI? HP DSN2 8 .74 1 

'24,. 6, 16, 10, SO. 10. 

1,0 10, ,60 ,1 
22 125, 3 


] 0 0 0 C B 0 0 0 0 0 0 (3 0 0 0 3 0 0 0 0 0 fl 0 fl a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 fl 0 0 0 0 0 0 0 0 0 D 0 0 B a 0 0 D a 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 a 0 0 0 

IIJIHM 9 10 II I? !I II iSti IM( 19I0iI J2JJi»SSJE5!21!330 113? 3J 3« U9E JH9 )9 O 41 <? «<« «<S « J» <9599! SIB S« 9459 51 SI S96I1 61 S2 S3 64 65 6SH S3 £3 » It 12 73 14 IS JS II 131921) 

n 1 1 1 1 1 1 1 m n 1 1 1 1 1 ii 1 1 1 n 1 1 n 1 1 1 i n n 1 1 ! 1 1 n i n n 1 1 1 n 1 1 1 1 1 n 1 1 1 1 n 1 1 n 1 1 m m i 


.01 ,01 f ,36 .4 1 a 3, 800E-07 HEAV 2 1 


5,9*2 Results of Sample Program #8 — Program DC2DC 

The results of Sample Program % 8 are given on the following 
page* Lowering the Reciprocal Current Density Specification 
allowed Program DC2DC to use wire of smaller cross-sectional 
area in the windings. Thus, the winding factor was lowered to 
0.3^6 which is less than the specified maximum winding factor. 
Therefore, the design was acceptable, The smaller wire area 
has, however, caused a slight increase in the winding resistances 
over the designs evaluated in Sample Program #6, 
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i a***#*»aM**a**a«aM*afa***am*»#**<#*«<«**** *#**•***#•«•# 

iitatatatitaaaaa *.*# #«#•!****»***« *♦*♦***•*<« a# 4 c *<!*•< <##♦*«*•* »#*#*****«*ac*4* ♦**♦•••**♦••**••• *»••*** **••*■•***••* 


■ r02Un--CO»ST*KT FBEO TBO-KIKDIHG VOLTAGE STSP'OP/CURBBHT STEP-UP COHtEBTIB DESIGK 
I/O 18 YCtTS, AKPEBES, WITTS, TESLAS, ItlCHOSIC, KHZ, OURS 

9 4 4 «44u*« 4 1 **'****#*******• «**«* 4* 4 4 4 *4 * * • 4 * • 4 * 4 4 * «« 4 4 4 « •« 4 4 4 « « 4 ft* 4 4 4 * 4 • • • *4 • • • 4 * * 44 4 **• 4 4 • 4 •*«•*•••#•••♦*••** 

4 44 44* «** ««• * ****** ft** t«M*<*M«*<*tfM**«*«**4t*M ***4*4*4 

CQH7EHTE5 SPECIf ICATIOMS 

Y CAP CCHY EBB BIRD HO. 

DIODE ESH .. FBEO BESIDOAL HIH MAX FACTOR COKES 

0.60 0.10 10.0 1.000Z-02 1.100E-02 3.600E-01 0.40 3 


SIRE TYPE- El AT HIH. PHI. STRAKDS- 2 818. SEC, STRAHDS- 1 SECIEBOCAL CUBRSHT DEHSITT- 3.6002-07 SC. H/Aap 

44*4*t****4 444**«***4«****«*«——***—«**4 i >•«*••*'•»«-*»«** *««.«*««*.»***»«*«•««*«»»•«*«*•*•*•*••«•**•••*•»«••»*•***' 

JESISICTIHG THE KAX. DBTI CYCLE- 0.740 


T 

OUT 


2*. a 


T I* 
HEM 


Y tK 
KAX 


P OOT 
KXH 


P OUT 
HAX 


Y 

SAT 


I 

COLL. 


6.C 16.0 10.0 20.0 1.00 10.00 


****************** ***«****•»*******************«*********>■ *•««*****«** ********* 4*44*4 ** **»«*****••««**«*«*•« *•**« ******** 

M***********************'*******«*« t *'«* , ***«*********»********* I, ********' ,t,, *** ,5, *****‘** , ********** 1 *********** m ***" m * ******** 


DUSIGX EVALOITIOH 

******* ft ****** **»**» *¥**********«ft***ft***ft*****************H****** **************** ** ******** ***a*****«ft**«**«*«a***itft«ft* 
4 4 * 4 * 4 ** 4 X]t 44 4 * * ********* * ******* ****** *********** ************ ******** *w* • *** 4 ****** ****************** **•* ******* ******* 


ET1LU1TIOJT ECS DEST.G8 HO. 0 


CORRECT RISE SIZZ HOT AT1IL1BLZ OR BULTIPLS STBAHDS SPECIFIED, 2 STBAHDS USED FOB P2IH1HI RIHDISO 


SIZE KAGHETICS 
HO. 


23 55324 


A EH OLD 
A— 324 117 


SO 

IP 

ARC 

PBZ. 

PEI. ISO 
SS 

as 

1VG 

SEC. 

SEC. X HD 
HH 

9BG 

FAC 

OP 

BODE 

ISP 
a xi 

IBS 

KAX 

IPBHS 

KAX 

isaas 

«u 

•ICBB5 

KAX 

125, 

33 

17 

0.387 

57 

19 

1.156 

0.346 

1 

6.017 

3.484 

4.772 

1.637 

1.409 


B2ACTOB 

PATH 

CORE 

azieroB 

STACK 

ABBA 

LEHGTB 

RH. AESA 

IEHGTH/TOBS 

HEIGHT 

SQ.rt 

8 

SQ.S 

a 

3 

2. 0342-04 

3 .9B0E— 02 

'3.6442-04 

8. 86 02-0 2 

3.3902—02 


HEXCTOR 

REACTOR 

HEACTOB 

EEACTC2 

HZ1CTOE 

BASS 

PHI. HIRE 

PHI* PISE 

SEC. RISE 

SEC.yiHB 

KG 

L21IG7K,a 

F2S,0HfiS 

LENGTHS 

5SS.OH8S 

2.368E— 01 

2.924E 00 

2.470E-02 

5. 0505 00 

1 .3602—01 


T IH- 6.0 


•( • 

PO 

WITTS 

IAP 

AdES 

IAS 

ASPS 

IBP 

ASPS 

IBS 
Art PS 

T OH 
OSEC 

IP BBS 
ArtPS 

* ISBKS 
ASP5 

ZCBrtS 

ArtPS 

TSAHS DIODE 

tossss 

WIRE 

(WAITS) 

COEE 

************ 
CAPAC TOTAL 

?rs 

IFF/HASS 

5/KG 

T”' 
i ; 

10.00 
12 . ca 

14.00 

16.00 
IB. 00 
20.00 

2 . 2 ? 

2. 65 
3.40 
3.55 
4.51 
5.C6 

1.33 

1.65 

1.97 

2.29 

2.61 

2.93 

3.25 

3.00 

4.36 

4.91 

5.46 

6.02 

1.88 

2.20 

2.52 

2.84 

3.16 

3.48 

74.02 

74-02 

74-02 

74.02 

74.02 

74.02 

2.39 

2.37 

3.34 

3.82 

4.30 

4.77- 

0.82 

0.98 

1.15 

1.31 

1.47 

,•1.64 

0.71 

0.35 

0.99 

1.13 

1.27 

1.41 

0.573 

0. E23 

1. 118 
1.459 
1.845 
2.277 

0.493 
O.S91 
0.688 
0.786 
C. 304 
0.902 

0.233 
0.335 
0.455 
a . 594 
0.751 
0.927 

a. 037 
0.037 
0.337 
0.037 
0.037 
0.037 

0.050 

0.072 

0.098 

0.127 

0.161 

0.198 

1.357 

1.E6B 

2.397 

3.004 

3.679 

4.422 

87.9 
86.6 
85.4 
84.2 
03.1 

81.9 

3.71E 02 
3.552 02 
2.502 02 
3.55E C2 
3.513 C2 
3.462 02 


7 IS- 8. 

.0 
















I ; 

so 

SATIS 

IAP 

AflES 

IAS 

AttPS 

IBP 

ASPS 

IBS 

ASPS 

T OK 
OSEC 

TPBrtS 

AHPS 

xsscs 

ArtPS 

ICHMS 

ArtPS 

TSAHS 

****** 

DIODE 

LOSSES 

VIBE 

(WATTS) 

CORE 

******1 

CAPAC 

ft***** 

TOTAL 

SF? 

% 

EFF/UASS 

VKG 

lii 

•i r 
li • 

10.00 

12.00 

14.00 

16.00 
18.00 
20.00 

1.58 
2.C2 
2. 45 
2. 89 
3.33 
3.76 

0.91 

1.17 
1.42 
1.67 
1.93 

2.18 

2.73 

3.23 
3.66 
4. 10 
4.54 
4.97 

1.62 
1.87 
2.12 
2.37 
2,63 
2 88 

67.05 

67.05 

67.05 

67.05 

67.05 

67.05 

1.81 

2.16 

2.52 

2.89 

3.23 

3.59 

0.74 

0,80 

1.02 

1.17 

1.31 

1.46 

0.61 
0.72 
0.34 
0.96 
1.08 
1. 19 

0.328 

0.469 

0.635 

0.327 

1.044 

1.287 

0.441 

Q-527 

0,614 

0-7CC 

0.787 

0.874 

0.155 

0.221 

0.299 

0.390 

0.492 

0.6.06 

0.072 

0.072 

0.072 

0.072 

0.072 

0.072 

0.037 

0.052 

0.071 

0,092 

0.116 

0.143 

1.032 
1.341 
7.6SC 
2.061 
2.511 
2.9 62 

9C.6 
89.9 
89 . 1 

as .5 

87.5 

87.0 

3.532 02 
2.503 02 
3.77E 02 
3.742 02 
2.71E G2 
3.673 02 

Uvi» 

T IH- 10.0 

















PO 

BATTS 

TAP 

ASPS 

IAS 

laps 

IBP 

ASPS 

IBS 

ISPS 

r oh 

OSEC 

IPH55 

ArtPS 

ISBRS 

ASPS 

leans 

ArtPS 

************ 

THAHS DIODE 

LOSSES 

WISE 

(WATTS) 

COSE 

CAPAC TOTAL 

SF? 

,« 

2FP/HASS 

S/KG 

i> Si 
«Y r* 

10.00 

12.00 

14.00 

16.00 
18.00 
20.00 

1. 15 
1.52 
1.85 
2.26 

2. 63 

3. 01 

0.66 

o.aa 

1.09 

1.31 

1.52 

1.74 

2.57 

2.94 

3.31 

3.69 

4.06 

4.43 

1.U9 

1-70 

1*92 

2.13 

2.35 

2.56 

61 . 2 a 

61.29 

61.28 

61.28 

61.28 

61.28 

1.49 

1.78 

2.06 

2.35 

2.64 

2.93 

0.69 

0.82 

0.95 

1.06 

1.21 

1.35 

0.54 

0.65 

0.75 

0.85 

0.96 

1.06 

0.222 

0.315 
0. 425 
0.552 
0.696 
0.857 

0.411 

0.490 

0.569 

0.649 

0.729 

0.808 

0.119 

0.169 

0.228 

0.296 

0.373 

0.459 

0.113 
0.113 
0.113 
0,113 
0, 113 
0.113 

0.030 
0.042 
0.056 
Q. 073 
0.091 
0. 112 

0. 995 

1. 129 
1.391 
1.6*2 
2-002 
2.349 

91.3 

91.4 
91.C 

90. 5 
9C.0 

89. 5 

3.582 02 
3.86S 02 
3.8AE 07 
3.52E C-. 
3,c02 02 
3.78E 02 


7 ii» 12 

.0 
















ii-ii 

PO 

Wills 

IAP 

ASPS 

IAS 
Art PS 

IBP 

ArtPS 

IBS 

ARPS 

T OH 
OSEC 

IPBrtS 

ArtPS 

IS2RS 

ACPS 

leans 

ASPS 

************ 

TSAHS DIODE 

LOSSES 

WIPE 

(BATTS) 

CORE 

CAPAC TOTAL 

EP? 

X 

2FP/KASS 

S/KG 

■j} 

U-U 

15:88 

14.00 
16. 00 

16.00 
20. 00 

0. 65 

1. 18 
1.51 
1. 84 

2 ‘ n 

2 . so 

0.49 
0.68 
O.a v 
1.07 
1.26 
1.45 

2.45 
2. 78 
3. 11 
3.44 
3.77 
4.10 

1.42 
1.61 
1,80 
1.99 
2. 10 
2.38 

56.42 

56.42 

56-42 

56-42 

56.42 

56.42 

1.29 

1.53 

1.77 

2.02 

2.25 

2.51 

0- 56 
0,79 
0,70 

1- 03 
1.15 
1.27 

0.51 

0.60 

0.69 

0.78 

0.97 

0.96 

0. 166 
0.234 
0.314 
0. 406 
0.511 
0.628 

0.393 
0.467 
a. S4i 
0.615 
0.690 
0.765 

0-099 

0*140 

0-1BB 

0-243 

0-306 

0*376 

0 . 1 S 8 

0.150 
0. 158 
0.158 
0.156 
0.158 

C. 026 
0.035 
0.047 
0.061 
C.076 
0.093 

0.642 

1.033 

1.247 

1.483 

1.740 

2.019 

92.2 

92.1 
91.8 
91.5 

91.2 
90. a 

3.69E 02 
3.632 C2 
3.69E 02 
3.56E G2 
3.452 02 
3.B4E 02 

rjn 

T IR- 14 

.0 
















f 

50 

Wilis 

XAP 

ASPS 

IAS 

ArtPS 

IBP 

ArtPS 

IBS 

ArtPS 

1 OH 
OSEC 

IPERS 

ARPS 

ISERS 

ARPS 

leans 

ARPS 

TSAHS DIODE 

LOSSES 
VI HE 

(WATTS) 

COSE 

CAPAC TOTAL 

EPF 

X 

2FP/KASS 

X/KG 

1 

10.00 

12.00 

14.00 

16.00 
18.00 
20.00 

0. 63 

0. 93 
1.23 

1. 54 

1. 84 

2. 14 

0.37 

2 :^i 

0.09 

1.06 

1.24 

2.39 

2.69 

2.99 

3.29 

3.S9 

3.89 

1.38 

1.56 

1.73 

1.90 

2.08 

2.25 

52.23 
52.28 
52. 2B 
52.28 
52.28 
52.28 

1. IS 
1.36 
1.57 
1.78 
2.00 
2.21 

0.64 

0,75 

0.57 

0.99 

1.10 

1.22 

0,48 

0.56 

0.64 

0.73 

0.91 

0.90 

0.132 
0. 185 
0.246 
0.318 
0.299 
0,489 

0.382 

0.451 

0.521 

0,592 

0.663 

0-734 

0.088 
0.122 
0. 163 
0.211 
0.264 
0.324 

0.204 

0.204 

0.204 

0.204 

0.204 

0.204 

0,023 
0.031 
0.041 
0,053 
0-086 
0* 080 

0.829 

0. 993 

1. 176 
1.377 
1.555 
1.831 

92-3 

92-4 

92-3 

92.1 

91.9 

91-6 

3.60E 02 
3 * 90 E 02 
3.602 C-2 
3.6TE 02 
3.682 02 
3.672 02 


Y IS- 16 

.0 
















i 

PO 

BATTS 

IAP 

AHES 

IAS 

ARPS 

IBP 

AflPS 

IBS 
Art PS 

T OH 
USEC 

TP BBS 
AKPS 

IS2RS 

ARPS 

ICKH3 

AKPS 

TSAHS DIODE 

LOSSES 

WIRE 

(WATTS) 

COBB 

CAPAC TOTAL 

EFF 

% 

EFF/rt AS3 

A 
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THE DATA BASE 


The first block of data read by the programs forms the 
data base for the execution of design and evaluation tasks. 

The data ba;.e is a group of cards (records) divided into tvo 
sections. The first section, the core catalog, contains infor- 
mation on the magnetic cores and includes catalog numbers, 
dimensional data, relative permeability and loss coefficient 
information. The second section consists of a table of wire 
data containing the cross-sectional area and resistivity infor- 
mation on the available sizes of magnet wire. Usually, once the 
data base has been constructed, the information in it will not 
be changed often. Thus, it may be advantageous to store the 
data base on magnetic disk or tape. Additions to the core 
catalog or the wire table may be made at any time without having 
to construct an entirely new data base,, 

THE CORE CATALOG 

The core catalog cards list the necessary data on the 
magnetic cores and are the first cards read by the program. 

The core catalog cards are ordered as shown in Figure 31. 

6.1 HEADING CARDS 

The first two cards in the core catalog are used to generate 
headings for the output. They are the Title Card and the Manu- 


facturers' Names Card 
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Figure 31. Order of the Core Catalog Cards 



6,1.1 Title Card 


The Title Card is read ae a block of twenty consecutive A 4 
formats to provide fc*r a user specified title up to eighty char- 
acters in length. It may he used to list identifying information 
suck as manufacturers' nanes 9 date of catalog and etc. This 
information is used 3s a heading for the catalog list (see Section 
3.1.2). A samole Title Card is shown in Figure 32. 


6,1.2 Manufacturers' Names Card 

The Manuf achux s etfs ’ Names Card is read as two A10 formats. 
Thus, two manufacturers' names may he used, with ten spaces 
allocated for each name* This information is used to provide 

headings for the lists of manufacturers' core catalog numbers 

6 

which -appear on the output, A sample Manufacturers' Names Card 
is shown in Figure 34. Figure 33 shows the format of the card. 


6. 2 CORE CATALOG SIZE CARD 


The Core Catalog Size Card is read as two 15 formats. 
COluuSha 1-5 give the number of core sizes available and columns 
6-10 give the number of relative permeability values available, 

:.o. 

(see Figure 35). These numbers are read in as integers and 
must be right justified. The catalog may contain up to forty 
core sizes and up to fifteen values of relative permeability. 

A sample Core Catalog Size Card is shown in Figure 36. 
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Figure 32. Example: . Title Card 
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Figure 33 . Manufacturers' Names Card 
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Figure 35* Core Catalog Size Card 
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Core Catalog Size Card 





6.3 LOSS-COEFFICIENT CARDS 

Core losses are estimated in the program by the use of 
Legg’s equation [ 2 ] . One Loss-Coefficient Card should be used 

for each value of relative permeability in the core catalog. 
These cards should be arranged in order from lowest to highest 


value of 

relative permeability. Loss 

-Coefficient Cards are 

formated as follows (see also Figure 
sample Loss-Coef fiecint Card, 

37). Figure 38 shows a 

COLUMNS 

FORMAT 

PARAMETER 

1-5 

F5.0 

Relative Permeability 

6-15 

E10.3 

Eddy Current Loss Coefficient 

16-25 

E10.3 

Hysteresis Loss Coefficient 

26-3 5 

E10.3 

Residual Loss Coefficient 


6.4 PERMEABILITY/CORE GEOMETRY CARDS 

The Permeability/Core Geometry Cards consist of a subgroup 
of cards for each core size and relate the size number and 
relative permeability of a core to its specific catalog number(s) 
and actual dimensions. As a general rule, core manufacturers 
supply cores of several sizes and a core of a given size may 
be available in different values of relative permeability. 
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Figure 37. Loss-Coefficient Card 
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■ Figure 38 « Example: Loss— Coefiic ient; Card 




Thus, in the instructions that follow, the "core size number" 
will uniquely identify a set of core dimensions and the pair 
(core size number, relative permeability) will uniquely identify 
one particular core. In order for the program to work most 
effectively, it is assumed that the core sizes are ordered by 
assending volume: i.e. the volume of core size number n is less 

than that of core size number n+1 . If this assumption is 
violated when assembling the catalog, all designs generated will 
be valid. However, some possible design of lower size and mass 
may be "overlooked." Because the integer core size number is 
assigned by the program, new core sizes may be added to the 
catalog at any time. However, these additions should be made 
so as to maintain the ordering by volume of the core sizes. 
Presently, both programs DC1DC and DC2DC will allow up to forty 
core sizes and up to fifteen values of relative permeability. 

Thus, the core catalog may contain up to six hunderad cores 
with each core being identified by up to two numbers from manu- 
facturers' catalogs or other identifiers. The Permeability/ 
Manufacturers' Numbers Card(s) and the Core Geometry Card give 
complete information on each core. 

6,4.1 Permeability/Manufacturers' Numbers Card(s) 

For a given core size, the Permeability/Manufacturers * 

Numbers Card(s) list the available values of relative permeability 
and their respective manufacturers' catalog numbers. The format 
of these cards is 4(F3.0,4 a 4), This format allows the user to 
list four cores on a single card with three spaces for the 
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relative permeability and tvo groups of eight spaces for numbers 

from manufacturers* catalogs or other identifiers* The manufac— ' i 

turers * catalog numbers should be listed in the same order as 

the names on the Manufacturers* Names Card, Continue listing 

cores in the same fashion, using as many cards as needed, until 

all the cores for a particular core size have been listed. On 

the last card used, place a *’l u in column 80 to indicate the ; i|- 

end of the listing for that core size and that a Core Geometry 

Card is to be read next. The Permeability /Manufacturers ’ uli 

Numbers Card is formated as shown in the table below (see also ri 

Figure 39). A sample Permeability/Manuf actur ers * Numbers Card 

is shown in Figure 40, 


COLUMN FORMAT 
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Figure 39. Permeability/Manufacturer's Numbers Card 
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Figure 40. Example: Permeability/Manufacturers 1 Numbers Card 



6.b.2 Core Geometry Card 

A Core Geometry Card immediately follows the Permeability/ 
Manufacturers* Numbers Card(s) for each core size and gives the 
core cross-sectional area, mean magnetic path length, window 
area, length/turn of wire, height, and mass of the core sise. 
These parameters are usually readily found in manufacturers' 
core catalogs. The length/turn of wire is usually given assuming 
a winding factor. The format of the Core Geometry Card is 

as follows (see also Figure l*l). A sample Core Geometry Card 
is shown in Figure k-2. 
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Figure 4l. Core Geometry Card 
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Exam-ole: Core G-eomelSry Card 
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6.5 ASSEMBLING THE CORE CATALOG 


As shown in Figure 31, the Core Catalog Cards should he 
arranged as follows: 


1. Title Card — 'One card containing any desired information. 

2. Manufacturers’ Names Card — one card containing the names of 

up to two manufacturers, 

3. Core Catalog Size Card — one card giving the number of core 

sizes and the number of values of 
relative permeability in the catalog. 

h. Loss -Coefficient Cards — one card for each value of relative 

permeability in the catalog listing 
loss coefficients. 

5. Permeability/Manufac turers ’ Names Card(s) — for Core Size §1 

(smallest volume), 

6, Core Geometry Card— one card giving the dimensions of core 

size if 1. 

7. Permeability/Manufacturers ’ Names Card(s) — for Core Size #2 

t (next to smallest 

volume ) . 

8, Core Geometry Card — one card giving the dimensions of core 

size #2 . 


* • 

Permeability/Manufac tillers’ Names Card(s) — for Core Size #n 

(largest volume). 

Core Geometry Card-one card giving the dimensions of core 

size /rn. 


P 


G»3 




THE WIRE TABLE 

The Wire Table immediately follows the core catalog cards. 
The first card in the wire table is in a ( 12 , lx, 12 ) format. The 
first variable gives the largest wire size (smallest AWG number) 
and the second variable gives the smallest wire size (largest 
AWG number). The format of this Wire Table Size Card is shown 
in Figure 43. A sample Wire Table Size Card is shown in 
Figure 44. 

The remaining cards in the Wire Table give the cross- 
sectional area and resistivity of each wire size. These Wire 
Pafra Cards should be arranged in order of increasing AWG n um ber 
(decreasing wire cross-sectional area). One Wire Data Card 
should be used for each wire size. The format of the Wire Data 
Cards is shown in the table below (see also Figure 45). A samnle 
Wire Data Card is shown in Figure 46, 



COLUMNS 

FORMAT 

PARAMETER 

1-12 

E12.5 

Area of Bare Wire (ra 2 ) 

13-24 

E12.5 

Area of Single 

Coated Wire 



/ 2 
t m 

) 

25-36 

El 2. 5 

Area of Double 
(m 

Coated Wire 

) 

37-48 

E12.5 

Area of Triply 

U 2 

Coated Wire 

) 

49-60 

E12.5 

Area of Quad C 

oated Wire 



( m 

) 

61-72 

El 2 , 5 

Resistivity of 

Wire Size 


( ohms/meter ) 


i. 



If a wire size is not available ir a particular coating, 
indicate this by entering zero (or blank) for the cross-sectional 
area of the unavailable wire type. This insures that the unavail 
able wire type will not be chosen for a design. 
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Figure 43. Wire Table Size Card 
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Figure Ull, Example: Wire Table Size Cara 
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figure U5. Wire Data Card 
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igure 46 . Example: Wire Data Card 
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PROGRAM INSTALLATION INSTRUCTIONS 


Programs DC1DC and DC2DC described in this user’s manual are written 
in FORTRAN TV and have been used on an IBM 370 model 165 operating under 
the control of the IBM Operating System Multiprogramming with a Variable 
number of Tasks COS MVT) . The two programs DC1DC and DC2DC are separate, 
stand-alone programs, each with its own separate identical data base. 
Program DC1DC consists of approximately 1050 statements, while program 
DC2DC consists of approximately 1075 statements. The data base, consisting 
of magnetic core loss, permeability and dimensional data, occupies approx- 
imately 260 cards. The total core requirement to compile and produce an 
executable module, including arrays, is 250 K on the IBM system described 
above . 


The programs read only from the card reader and write only to the line 
printer. The logical unit number for the card reader on the system for 
which the programs were developed is 1 (one) l the line printer unit number 
is 3 (three) . These input/output unit numbers must be adapted by appropriate 
job control language or the programs must be edited to conform to the con- 
ventions of the system on which the programs are to be installed. 


n -y 



CJ 


The installer may wish to copy the data base cards to a disk or tape 
file and assign the corresponding logical unit number for the read operations 
associated with the data base. These data base reads occur only' once during 
the program execution at the beginning of the program. The control cards 
which describe the design specifications and control operations must be 
read by the card reader. 
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' APPENDIX 
LIST OF SYMBOLS 


The following symbols may appear on the program outnut: 


SYMB0L MEANING 

AREA (or CORE AREA) The cross-sectional area of the 

2 

magnetic core (m ). 


AWG 


Wire size given by AWG numbers. 
(Program DC1DC), 


AWG PRI. 


Wire Size of the primary winding 
(Program DC2DC ) , 


AWG SEC. 


Wire size of the secondary winding 
(Program DC2DC). 


B MAX 


The maximum allowable flux density, 
given in tesla. 


The minimum allowable flux density, 
given in tesla. 


B RESIDUAL 


The residual flux density of the 
core material, given in tesla. 


CAP ESR 


The effective series resistance of 
the capacitor (ohms), 


CONV FREQ The frequency of operation of the 

converter system (KHs). 


CORE PATH LENGTH 


The mean magnetic path length of 
the core (m). 


SYMBOL 


MEANING 


DSN MODE 


EFF 

EFF/MASS 


HEIGHT 

IA 


IAF 


IAS 


IB 


IBP 


The mode of operation of the conv- 
erter at the design point in the 
PO-VI plane. A "l" implies cont- 
inuous conduction, a "2" implies 
discontinuous conduction (Program 
DC1DC ) . 

The efficiency of the converter (#), 

The efficiency of the converter 
divided hy the mass of the reactor 
element, (#/KG). 

The height of the magnetic core (m) , 

The minimum value of reactor current 
over a q«-ele (amperes) (Program DC1DC) 

The value in amperes that the primary 
current takes on at the beginning 
of the transistor on-time (Program 
DC2DC ) . 

The value in amperes that the sec- 
ondary current takes on at the 
beginning of the transistor on-time 
(Program DC2DC). 

The maximum value of reactor current 
over a cycle (amperes) (Program DC1DC) 

The maximum value of primary current 
over a cycle (amperes) (Program DC2DC ) 


IBS 


The maximum value of secondary current 
over a cycle ( amperes )( Program DC2DC). 


SYMBOL 


MEANING 


XB MAX 


IBP MAX 


IBS MAX 


I COLL 


IC RMS 


IC RMS MAX 


IND 


IP RMS 


IS RMS 


IP RMS MAX 


The maximum value that IB takes on 

over the design range of the converter 
(Program DC1DC ) 

The maximum value that IBP takes on 

over the design range of the converter 
(Program DC2DC ) 

The maximum value that IBS takes on 

over the design range of the converter 
(Program DC2DC) 

Current in the collector of the trans- 
istor at which the saturation voltage 
was measured (amperes). 

The RMS value of current in the 
capacitor (amperes). 

The maximum value that IC RMS takes 
on over the design range of the 
converter . 

The inductance of the single— winding 
reactor (mil) (Program DC1DC). 

The RMS value of primary current 
(amperes) (Program DC2DC). 

The RMS value of secondary current 
(amperes) (Program DC2DC). 

The maximum value that IP RMS takes 
on over the design range of the 


SYMBOL-, 




IS RMS MAX 


IX'. AVE 


The neifioTjj-r Value that IS RMS fc e s 
on oysV fcho -design Sange of b&e 
converge? (Flgogr^ia DC2DC )■» 


The &\setegc V$lue ©f %-h© s ingle - 
■gjjsi&jrag Eemltefe c ur-Pant- over a 
orjs^'G (Pi^ogB^a DClDC)?Sf, 


IXv Rl§§, 


Sfec HMS Vak^ie sf 1 the js ingle *’$j n^n g 
Qooe4#'& gueffS'exl® ( Ff'Og^ji'si DC1DC). 


I# RMS MA& 


0?.e a^&aiga 1&iat IX RMS ^kes 

c§> ovel *uke £$asi@n 3g&Bge of the 
^sn'isa^-JSe^’ ( P^pg>am DC1DC). 


MASS 


£?k© ss&ss oT t%.e i^.aghetic core (KG). 


MAX (JOKES 


f 2 ne Samians 3jL5ja$ab&$ stack height 


ive Permeability 


<£&'§$»©'© ©f tu% of i&jre for ||ie 
e&^le-gagis&iigj o r (Program DC1DC ) 

Iv&ab e'j? ©f pQ^is^ry tarns for the 
tfo^fitti&ir|i£ ^ctor (Program DC2DC ) . 

Clsab ajj of s e<JOil&ary turns for the 
^&oij%ias$js$ng r0^.ctor (Prog?||i DC2BC), 


V V J& V£-v>^5 


'-4ha' inverter operates in ti*P 
ip^^^nu oil’s mmf aod e over its Xi?s 
4'3®^n : $kng &4 "2 n etherwiha. 


SYMBOL 


MEANING 


PO 

P OUT MIN 
P OUT MAX 
PHI. IND. 

PHI. WIPE LEN. 

PHI. WIRE RES. 

REACTOR AREA 

REACTOR LENGTH /TURN 

REACTOR MASS 
SEC. IND. 


The output power (watts). 

The minimum output power of the 
converter (watts). 

The maximum output power of the 
converter (watts). 

The inductance of the primary of the 
two-winding reactor (mh) (Program 
DC2DC ) . 

The length of wire used in the primary 
winding of the two-winding reactor 
(m) (Program DC2DC). 

The resistance (ohms) of the primary 
winding of the two-winding reactor 
(Program DC2DC ) . 

The cross-sectional area of the 
magnetic material in the reactor 
(m 2 ). 

The length of wire per turn of the 
reactor, based on a k0% winding 
factor ( m) . 

The mass of the wound reactor (KG). 

The inductance of the secondary of 
the two-winding reactor (mh) 

(Program DC2DC). 
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SYMBOL 

MEANING 

SEC. WIRE LEN. 

The length of wire used in the 
secondary winding of the two- 
winding reactor (m) (Program DC2DC ) . 

SEC. WIRE RES. 

The resistance (ohms) of the 
secondary winding of the two-winding 
reactor (Program DC2DC). 

STACK HEIGHT 

The height in meters of the core 
stack. 

T OH 

The transistor on-time (vsec). 

T OFF 

The transistor off-time (nsec). 

V DIODE 

The diode forward drop (volts). 

V IN 

The input voltage (volts). 

V IN MIN 

The specified minimum input voltage 
(volts ) . 

V IN MAX 

The specified maximum input voltage 
(volts ) . 

V OUT 

The regulated converter output 
voltage (volts). 

V SAT 

The transistor saturation voltage 
( volts ) . 

WIRE LENGTH 

The length of wire used in the 
single-winding reactor (m) 


(Program DC1DC). 



SYMBOL 

WIRE RESISTANCE 



MEANING 


The resistance (ohms) of the wire 
Vi.ged in. the winding of the single- 
winding reactor (Program. DC1DC). 
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